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Summary.
This thesis describes an investigation of the factors limiting 
the host range of species of Tephritid fruit flies in the genus 
Dacus. Specifically, I investigated whether the minor pest, Dacus 
jarvisi, was rare in cultivated fruits because it preferred to infest 
native hosts or because it was excluded from cultivated fruits by the 
principal pest, Dacus tryoni.
Experiments in the laboratory showed that larvae of D.jarvisi 
and some more specialised species (D.cucumis, D.musae, D.cacuminatus, 
D.halfordiae) have high survival in a range of cultivated fruits.
There were, in general, no physical or biochemical attributes of 
cultivated fruits which might exclude these species. An analysis of 
the bacteria associated with various stages of the life cycle of four 
species, showed no obligatory relationships which might limit the 
range of fruits in which larvae could develop. However, bacteria were 
shown to be necessary for larval development in fruits and in certain 
artificial media containing unhydrolysed protein. How bacteria assist 
the larvae to develop is not certain.
Experimental infestations, using several species of fruit, 
showed that larvae of D.tryoni and D.jarvi3i survived and developed 
as well when together, as when all larvae in a fruit were the same 
species. This was true only when all larvae were the same age. Hewly - 
hatched larvae survived poorly in fruits containing 2-3 day old 
larvae of their own or of a different species. Their poor survival 
was not due to a depletion of resources by the older larvae. 
Experiments suggested that chemical changes in the fruit or chemicals 
released by the older larvae may cause high mortality of young 
larvae. These results suggested that where two species use the same 
host, the species which most often infests the fruits first may 
influence the number of progeny produced by the other species, even
though the amount of food available for larvae is not in short 
supply.
Experiments in large cages in the field, in which a limited 
number of fruits were provided for oviposition for 3-4 days, showed 
that female D.jarvi3i produced as many progeny when P.tryoni was 
present as when it was absent. However, individual D.tryoni females 
produced 3-5 times as many progeny as D.jarvisi females and were able 
to locate and infest most of the fruit. Female D.jarvisi generally 
did not locate all the fruit available to them, even when D.tryoni 
was absent. The results were similar in experiments on trees with 
naturally ripening fruits which extended for the fruiting season of 
each tree (2-3 weeks). Again, the fecundity of D.jarvisi was not 
influenced by the presence of D.tryoni, but D.jarvi3i was less fecund 
than D .tryoni and did not locate all the fruits before they matured 
and fell. In a controlled environment in the laboratory, the 
intrinsic rate of increase (r ) of D.jarvisi was lower than that ofTO
D .tryoni, mainly because it has fewer ovarioles in each ovary and 
thus produces eggs at a lower rate. D.jarvisi also deposits its eggs 
in larger clutches than D .tryoni. As a result D .tryoni should be able 
to locate and infest a greater proportion of the fruit crop within a 
patch of trees than D.jarvisi, even if the two species are equally 
abundant.
Studies of oviposition preferences of females of five species, 
showed marked differences in their behaviour. D.tryoni readily 
accepted many fruits for oviposition, though one fruit, Solanurn 
mauritianum, was repellent to it. D.tryoni females did not have 
consistent preferences for any particular fruit, whereas females of 
three other species; D.musae, D ♦cacuminatus and D.cucumis, had strong 
and consistent preferences for the fruits usually infested by each 
species in the field. These species would not lay in cultivated 
fruits. D.jarvisi had a strong preference for fruit of its native
iii.
host, Planchonia careya, and laid few eggs in cultivated fruit3 when 
this host was available. However, in contrast to the specialists,
D.jarvi3i would readily lay into cultivated fruits when Planchonia 
was not available.
The preferences of each species were not influenced by the fruit 
in which females had developed as larvae. Moreover, the host 
specificity of the three specialists did not change when females were 
deprived of the opportunity to oviposit. By contrast, when female 
D.tryoni were deprived of the opportunity to oviposit, they became 
even less discriminating and would lay into a normally unattractive 
fruit. This difference between the species may be due to differences 
in the control of ovarian maturation. The ovaries of D .tryoni 
continued to mature eggs after oviposition had ceased and eventually 
became filled with mature eggs, whereas in the other species, egg 
maturation apparently ceased when each ovariole contained one mature 
egg.
Studies of the factors influencing the distribution of eggs 
among fruits of a single species showed that female D.tryoni and 
D.jarvisi do not deposit an oviposition-deterring pheromone and do 
not discriminate against fruits containing unhatched eggs. However, 
both species avoided fruits containing young larvae, whether of their 
own or of a different species. Discrimination against fruits 
containing larvae was not influenced by the arrangement of these 
fruits relative to uninfested ones on the same tree. Laboratory 
experiments indicated that females detect a chemical change in the 
fruit associated with the presence of larvae, rather than the larvae 
themselves.
An analysis of the distribution and abundance of D.tryoni and 
D.jarvi3i in a shared host in Northern Queensland provided no
evidence that one species influenced the distribution or abundance of
iv.
the other. There was great variability between patches of host 
fruits, both in the species of Dacus present and in the abundance of 
each species. At most sites, all the fruits were not infested and 
larvae were not so crowded that their survival or mature size was 
reduced. D.jarvisi was not found in cultivated fruits when 
Planchonia was fruiting, but occurred in some fruits, mainly guava, 
late in the summer when Planchonia was no longer available. This 
pattern was supported by analyses of the records of' collections of 
other workers. D.jarvi3i appears to share hosts with D.tryoni for 
only one to two generations, late in the summer, when a large 
population of D.jarvisi derived from Planchonia is available to 
colonise patches of fruit.
Overall, the experiments show that the rarity of D.jarvisi in 
cultivated fruits early in the summer is due to its strong preference 
for the native host, Planchonia, and its abundance is not influenced 
by the presence of D.tryoni. Its abundance in late summer fruits is 
probably related more to the abundance of Planchonia fruit each year, 
and hence to the size of D.jarvi3i population seeking hosts, than it 
is to the presence of D .tryoni. In seasons when fruit is scarce, 
D.tryoni may influence the abundance of D.jarvisi because its high 
fecundity and ability to disperse widely may allow it infest most 
fruit before D.jarvisi and so reduce the amount of fruit available to 
that species. Even so the amount of fruit infested by D.jarvisi and 
its abundance are limited mainly by its ability to locate and infest 
fruits before they mature and fall. There is no evidence to suggest 
that D.jarvisi would become more abundant in cultivated fruits if
D.tryoni were eradicated.
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1Chapter 1. Introduct ion.
Although some phytophagous species of insects axe highly 
polyphagous, most show some degree of preference in their selection 
of host plants or feeding sites. Many species axe highly host 
specific and restrict their oviposition or feeding to species of 
plants within one family or even to single species (Dethier 1954, 
Ehrlich & Raven 1965, Chew 1977, Singer 1971, WUclund 1975, Hsiao & 
Fraenkel 1968). Most theoretical studies have emphasised the 
evolutionary role of the diverse defensive chemistry of plants in the 
coevolution of plants and insect herbivores (Ehrlich & Raven 1965, 
Feeny 1975, Futuyma 1976, Rhodes & Cates 1976, Rhodes 1979). More 
recently, Gilbert (1979) and Smiley (1978) have suggested that 
specialised associations with host plants may also evolve in response 
to ecological factors, as distinct from the biochemical or 
nutritional differences between plants. For holometabolous insects 
the physiological and morphological adaptations of the larval stage 
largely determine the potential host range (ie the entire range of 
plants on which development may occur), but the realised host range 
is largely determined by the adult female during the sequence of 
behaviours that leads to the selection of a host. Consequently any 
factors which influence the survival of adult or larval 3tages may be 
proximate causes of the restriction of feeding to 3ome hosts and may 
act as selective factors influencing the evolution of feeding 
specialisations.
The major proximate causes for host specificity axe usually the 
behavioural responses of adults and/or larvae to chemical or physical 
cues from the hosts or the environment of the host (Dethier 1954,
1982, Thorsteinson 1960, Schoonhoven 1968, 1981). Within the 
potential host range, the range of hosts actually utilised (the 
realised host range) may be further limited by responses to the 
relative abundance, density, quality or phenology of potential hosts. 
Despite their often specialised diets many insects axe able to expand 
their host range or shift to new hosts. This is best illustrated by 
the native insects which become pests of introduced plants (Dethier 
1954, Bush 1974, Strong 1974, Strong et al 1977, Gilbert 1979).
2This thesis is a study of some of the factors which restrict 
feeding by species of fruit flies in the genus Dacus (Diptera: 
Tephritidae) to a particular range of host fruits. In particular I 
have examined the proximate factors which limit the distribution and 
abundance of species which are currently minor pests of cultivated 
fruits. The family Tephritidae includes some of the major pests of 
cultivated fleshy fruits in tropical and temperate regions of the 
world (eg. D .tryoni, D .dorsalis, C.capitata, R.pomonella). Their 
ecology and life histories have been reviewed by Bateman (1972) and 
Prokopy (1977). Australia has 90 or so described species in the genus 
Dacus (Drew 1978). Most of them are restricted to one or a few native 
hosts in a single family of plants (Table 1.1). These species are 
never or rarely recorded from cultivated fruits. By contrast, two 
native species; the sibling species, Dacus tryoni (Frogg.) and Dacus 
neohumeralis (Hardy) are highly polyphagous and infest a wide range 
of native fruits (May 1953, 1957, 1960). In areas of coastal 
Queensland they soon became pests of cultivated fruits when these 
were introduced (May 1963), while in more temperate areas the shift 
of D .tryoni to cultivated hosts occurred more slowly (Gurney 1912, 
Lewontin & Birch 1966). In view of its polyphagy, wide distribution, 
high fecundity, and ability to disperse widely, D.tryoni is now the 
principal pest of cultivated fruits in eastern Australia. It has been 
recorded from at least 117 species of wild and commercial fruits (May 
1953, 1957, 1960), including most cultivated fruits except cucurbits, 
pineapples and strawberries.
Apart from D.tryoni, there is a small group of species which 
infest cultivated fruits occasionally, but are more commonly found 
infesting native hosts. May (1963) has recorded at least 11 such 
species, but of these only Dacus musae (Tryon), Dacus cucumis French 
and Dacus jarvisi (Tryon) are considered as "species of major 
importance" (May 1963). D.musae and D.cucumis are pests of bananas 
and cucurbits respectively, though their geographic distribution is 
restricted (Drew 1978). The status of D.jarvisi as a pest is less 
clear. Although recorded as a pest of several cultivated fruits 
(Table 1.1), its occurrence in these seems to be sporadic and 
restricted to particular times of the year. According to May (1963)
D.jarvisi "is a pest of mangoes, persimmons and stone and pome fruits
Table l.l. Host specificity of Australian species of Dacus, species 
recorded as pests of cultivated fruits and the recorded hosts of the 
principal pest, D ♦tryoni and the minor pest, D.jarvisi.
Based on records of May (1953, 1957, 1960).
Total No. species No. species with hosts No. species with hosts
in a single family in more than one family
QUEENSLAND
83 76 (91.6%)
82% appear to be 
monophagous
NORTHERN TERRITORY
13 11 (84.6%)
100% appear to be 
monophagous
7 (8.4%)
2 (15.4%)
RECORDED HOSTS OP SPECIES OF "MAJOR" ECONOMIC IMPORTANCE.
Species No. 
of Dacus
cultivated
hosts
Species No . native Species 
hosts
D.tryoni &
D.neohumeralis
52 - 65 -
D. jarvisi 7 Persimmon 5 Planchonia careya
Pomegranate Eugenia suborbicularis
Quince
Apricot
Peach
Pear
Guava
E.bleeseri 
E.cormiflora 
Terminalia catappa
D. cucumis 10 Cucurbits 
Guava (rarely)
3 Several cucurbits
D.musae 2 Bananas
Guava (rarely)
2 Musa banksii
3in the late summer. The species is prevalent in open eucalyptus 
forest country in the coastal belt as far south as Bundaberg, 
breeding in its more usual wild host, P . [Planchonia] careya. **. Gibbs 
(1965) also found that D.jarvisi was absent from collections of 
cultivated fruits from Rockhampton for most of the year when 
D.tryoni and D .neohumeralis were abundant in these fruits. However, 
late in the summer, D.jarvisi appeared, often in high numbers, in 
fruits of the introduced host, guava (Psidium guajava). D.jarvi3i has 
also been reared from mangoes in north-western Australia and Darwin, 
where May (1965) considered it a common pest, but later workers have 
considered it not to be of economic importance (A.D. Sproul pers. 
comm., A.P. Smith pers. comm., Pitt 1981). May (1965) also mentions a 
few specimens of D.jarvisi from pawpaw in Cairns, but states that "it 
is not a pest of commercial plantations in eastern Australia". It 
seems that the status of D.jarvisi as a pest, ascribed by May (1963) 
and Drew (1978), is based on relatively few cases of infestations in 
commercial fruits and at the present time D.jarvisi could not be 
regarded as a pest of economic importance.
The ecology and behaviour of D.tryoni has been extensively 
studied, mostly with the ultimate aim of controlling or eradicating 
local populations. Basic ecological studies have examined the 
relationships between components of the environment and numbers in 
local populations (Bateman 1968, Bateman & Sonleitner 1967), the 
dispersal of adults (Fletcher 1973, 1974a, 1974b), the behaviour and 
ecology of larvae (Bower 1975), the impact of predators and parasites 
on the survival of larvae and pupae (Bateman 1976, Snowball et al 
1962) and the bioclimatic potential of this species to survive in 
various areas of Australia (Meats 1981 and refs, therein).
Behavioural studies of host selection have identified some of the 
physical and chemical cues involved in the selection of host fruits 
(Fowler 1977, Eisemann 1980, Chapman 1980) and in the location of 
hosts (Chapman 1980, Meats pers. comm).
The major emphasis of this thesis arises from the following 
question. If D .tryoni (& D .neohumeralis) were eradicated or 
suppressed in eastern Australia would another species of Dacus, such
as D.jarvisi, fill the niche vacated by D.tryoni and replace it as a
4pest. To answer this question we need to understand the factors which 
currently limit the abundance of P.jarvisi in cultivated fruits. To 
this end the following two broad hypotheses have been investigated;
1. D.jarvisi is specialised to utilise a native host and does not 
prefer to lay its eggs in cultivated fruits. It chooses cultivated 
fruits only when its native host is not available.
2. D.jarvisi has the behavioural and physiological capacity to infest 
cultivated fruits but is excluded from doing so by the presence of
D .tryoni.
Hypothesis 1 states that the host range of D.jarvisi is limited 
by factors quite independent of the activities of other species, a 
possibility which must be examined before questions of interspecific 
interactions with D .tryoni are considered. For example, D.jarvisi 
may appear only rarely in cultivated fruits simply because its larvae 
survive poorly or less well in these hosts than in alternative native 
hosts. Female D.jarvisi might not be stimulated to oviposit in 
cultivated fruits because they lack specific attractants or 
oviposition stimulants necessary for this species to locate and 
accept host fruits. Furthermore, D.jarvisi may be restricted to 
particular habitats where the possibility of encountering commercial 
fruits is low. This hypothesis suggests that some genetic change in 
traits controlling the physiology of larvae or the behaviour of 
adults would be necessary for D.jarvi3i to regularly infest 
commercial fruits (Bush 1974). The occasional records of this species 
from cultivated fruits would be explained as chance events.
Hypothesis 2 states that D.jarvisi is capable of utilising 
cultivated fruits but is excluded from doing so by the presence of 
D.tryoni. If this hypothesis were correct then D.jarvisi could become 
a pest, with little or no genetic change, following the eradication 
or suppression of D.tryoni.
In testing hypotheses about a competitive interaction between 
species it is essential to have a clear definition of the meaning of 
competition. Birch (1957) defines competition between species as
5follows; "competition occurs when a number of animals (of the same or 
of different species) utilise common resources, the supply of which 
is short; or if the resources are not in short supply, competition 
occurs when the animals seeking that resource nevertheless harm one 
another in the process." The view that interspecific competition is a 
major force determining the way resources are used by sympatric 
species has aroused considerable argument among ecologists. Most 
studies of the host range of phytophagous insects have lead to the 
conclusion that interspecific competition is rarely an important 
proximate factor limiting the realised host range of individual 
species (Price 1980, Lawton & Strong 1981). Furthermore, most 
discussions of the evolution of insect/plant relationships do not 
include interspecific competition as a major factor (Dethier 1954, 
Feeny 1975, Rhodes & Cates 1976).
The suggestion that one species of Dacu3 may influence the 
distribution and abundance of another species is, however, given some 
support from examples of an established Tephritid species being 
displaced from some hosts or areas after the introduction of another 
species. At least three examples are known. In Hawaii, the 
Mediterranean fruit fly, Ceratitis capitata (Wiedemann), was the 
principal pest of fleshy fruits until the introduction of the 
oriental fruit fly, Pacu3 dorsali3 (Hendel). Ceratitis was then 
apparently excluded from lowland areas by D.dorsalis and restricted 
to higher altitudes (Bess 1953, Reiser et al 1974). This is the only 
example where the role of interspecific interactions is clear. 
Similarly in Australia, C.capitata was the principal pest of fruit in 
NSW early this century (Gurney 1912), but by 1941 it had disappeared 
and been replaced in the same fruits by D .tryoni (Andrewartha & Birch 
1954). In Mauritius the established pest C.capitata, was displaced 
from many hosts after the introduction of the congeneric species 
Ceratitis rosa (Orian and Moutia 1960). Bateman (1977) has suggested 
that D.tryoni, because of its exceptionally broad host range, 
extensive geographic range and efficient utilisation of most host 
fruits may protect Australia against invasion by exotic pest species 
such as D.dorsalis. Thus there seems to be some basis for suggesting 
that D.tryoni could also influence the distribution and abundance in
cultivated fruits of the less common species.
6D.tryoni and D.jarvisi are sympatric over a large area of 
coastal eastern Australia (Fig. 1.1). D .tryoni ranges from Cape YorJc 
Peninsula to Gippsland with occasional outbreaks or perhaps permanent 
populations in the southern capitals of Melbourne and Adelaide (Meats 
pers. comm). P.jarvisi occurs across northern Australia from Broome 
to Cape York and, according to Drew (1978), along the eastern coast 
as far south as Sydney. However, the southern limit of permanent 
populations of D.jarvisi in NSW is not clear. May (1963) mentions 
specimens bred from mangoes at Taree and Coffs Harbour on the central 
coast of NSW, while specimens were also recorded from bananas in 
Coffs Harbour (Braithwaite et al 1966). Fletcher (pers. comm) reports 
the species from late season quinces and pears at Wilton, 100 km. SW 
of Sydney. Nevertheless it is not known whether these isolated 
infestations represent the activities of permanent populations. Even 
in southern Queensland the presence of permanent populations of 
D.jarvisi is not certain. For example, Hill (1982) conducted an 
extensive trapping programme over three summers using food lures and 
visual lures for Dacus in and around Brisbane. Despite catching 
602,817 specimens of six species, not a single specimen of D.jarvisi 
was recorded.
In northern Australia the primary native host of D.jarvisi is 
Planchonia careya (Barringtoneaceae) (May 1953, Fitt 1981a). This 
plant occurs along the Queensland coast north from about Bundaberg 
and across northern Australia (Fig.1.1). It is clear that the 
distribution of D.jarvisi largely overlaps with that of Planchonia. 
One reason for the poor knowledge of the distribution of D.jarvisi is 
that this species is not attracted to the male lures used for 
monitoring populations of Dacus (methyl eugenol, cuelure, 
trimedlure). Thus an important consequence of D.jarvisi not being 
attracted to lures is that, should it become a major pest, it would 
be difficult to monitor its distribution and abundance. These lures 
have proven invaluable, not only for monitoring but also the control 
of tephritid populations (Chambers 1977). In this respect D.jarvisi 
could be an even more difficult pest to control than D ♦tryoni.
My approach has been to combine experiments in the laboratory 
and in cages in the field, on the behaviour and survival of
Pigure 1.1. The distribution of permanent populations of 
D.tryoni and D.jarvisi in Australia, according to Drew 
(1978). Area marked "a” has persistent but rarely abundant 
populations of D .tryoni. Inset map for D.jarvisi shows the 
distribution of its primary native host, Planchonia careya, 
according to Hiddens (1980).
D.TRYONI
7D.jarvisi and D.tryoni when alone or together, with information from 
the field on their utilisation of cultivated hosts. The laboratory 
and fieldcage experiments investigated the following aspects of the 
ecology and behaviour of D.jarvisi;
a) the capacity of D.jarvisi larvae to survive and develop in 
cultivated fruits and their possible associations with symbiotic 
bacteria which may limit the potential host range (Chapters 2 & 3).
b) the fecundity of D.jarvisi and D .tryoni (Chapter 4).
c) the oviposition preferences of females in laboratory bioassays and 
of the factors which influence the distribution of eggs among 
individual fruits of a single species (Chapters 8 & 9).
d) the influence of D.tryoni on the survival of D.jarvisi larvae in 
fruits (Chapter 5) and on the fecundity and number of progeny 
produced by female D.jarvisi when infesting fruits on caged trees
(Chapters 6 & 7).
In many of the experiments on the potential host range of 
larvae, the host preferences of adults or the life histories of 
D.tryoni and D .jarvisi I have included, for comparison, experimental 
results from some other more specialised species; D.musae, D.cucumis, 
D.cacuminatu3 (Hering) and D.halfordiae (Tryon). When arranged in 
order of host specialisation from highly polyphagous to strictly 
monophagous the order of these species would be; D .tryoni, D.jarvisi, 
D.halfordiae, D.cucumis, D.musae and D.cacuminatus.
The field study investigated the utilisation of cultivated and 
native hosts by D.jarvisi, based on my own collections of host fruits 
and those of earlier workers, and the association between D.jarvisi 
and D .tryoni when exploiting a shared host in the field (Chapter 10). 
Data on the association of several other species with their hosts was 
also collected.
8Chapter 2. Comparisons of the survival of larvae of D.jarvisi and 
D.tryoni and other more specialised species of Dacus 
in cultivated fruits.
2.1 Introduction.
For tephritid flies, where larvae are incapable of movement 
between fruits, the realised host range is the range of overlap 
between the fruits which stimulate oviposition in the female and the 
potential host range of the larvae (Wiklund 1975). Both behavioural 
and ecological factors may limit the realised host range (Chapt. 8). 
Before considering the question of why D.jarvisi is currently a rare 
pest of cultivated fruits and before testing hypotheses about a 
possible interaction between D ♦jarvisi and the dominant pest,
D.tryoni, it is necessary to determine whether cultivated fruits are 
potential hosts of D.jarvisi larvae. In this chapter I compare the 
survival and growth of D.jarvisi and D.tryoni larvae in a variety of 
cultivated fruits. This is necessary for two reasons:-
1. If cultivated fruits are less suitable for the development of 
D.jarvisi than are the usual native hosts, then selection may favour 
genotypes which remain specific to these native hosts and select 
against those females which infest cultivated fruits.
In Chapter 8,1 show that the host specificity of species of 
Dacus is genetically controlled and that host selection probably 
reflects specific responses to cues derived from the host and its 
environment. As such, the incorporation of cultivated fruits as a 
regular component of the host range of D.jarvisi may require genetic 
changes both in traits controlling host selection and the survival of 
larvae. If the survival of larvae and the reproductive fitness of the 
resulting adults from cultivated fruits were markedly lower than from 
native hosts, selection may favour genotypes which remained specific 
to the usual native hosts (Jaenike 1978). This assumes that females 
have the behavioural flexibility to accept novel hosts in the first 
place. In the case of polyphagous species of Dacus the strength of 
selection against oviposition in suboptimal hosts is complicated^
9since different hosts may be available sequentially rather than 
simultaneously. Moreover Dacus lack a diapause in which to pass the 
period between fruiting seasons of their favoured host (Bateman 
1972). Thus if the fruiting season of the most suitable native host 
is brief (as is the case with Planchonia careya, the host of 
D.jarvisi) then outside this season, the individual fitness of 
females may be higher if they lay eggs in a suboptimal host, rather 
than lay no eggs at all (3ee for example, Courtney (1982).
2. The second reason for assessing the suitability of cultivated 
fruits for D.jarvisi is perhaps more important and is related to the 
possible effect of D.tryoni on the growth, survival or fitness of 
populations of D.jarvisi. Different host plants may influence the 
rate of increase of phytophagous insects by affecting the survival 
and duration of development of larvae or the fecundity of adults. 
While cultivated fruits may support the development of D.jarvisi, a 
difference in the rate of development or growth efficiency of larvae, 
relative to D.tryoni, may modify the influence of that species on the 
rate of increase of D.jarvisi. This may occur in three ways.
Firstly, if larvae of D.jarvi3i survived less well, developed 
more slowly or produced smaller pupae than larvae of D.tryoni feeding 
in the same type of fruits, then any intrinsic differences in their 
rates of increase would be amplified (Chapt. 4). As a result the 
numbers of D.jarvisi, relative to D .tryoni, available to colonise and 
infest subsequent patches of host fruits may be reduced. Over the 
course of a breeding season, which may entail 4-5 generations, the 
proportion of fruit infested by D.jarvisi may decline, simply because 
of the influence of the hosts on the rate of increase, independent of 
any deleterious influence of D .tryoni. Secondly, if resources were in 
short supply and larvae of both species were crowded together in 
fruits, the species with the slower rate of development would be more 
likely to suffer an extrinsic shortage of food. D.tryoni larvae may 
consume most of the food before larvae of the other species were able 
to complete their development. Thirdly, if the duration of larval 
development of D.jarvisi is significantly longer than that of
D.tryoni in the same fruits, then D.jarvisi larvae may also suffer
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higher levels of mortality due to predation or parasitism because 
they would be exposed to these sources of mortality longer (see for 
example, Price et al 1980).
Recently most studies of the nutritional ecology of immature 
insects (Mattson 1980, Scriber & Slansky 1981, Slansky & Scriber 
1982) have adopted a well defined quantitative technique established 
by Waldbauer (1968). This technique allows precise measurements of 
relative growth rates, relative consumption rates, assimilation 
efficiency, efficiency of conversion of ingested food of individual 
larvae feeding on different foodplants (Waldbauer 1968, Scriber & 
Peeny 1979, Slansky & Scriber 1982). However, many of these 
measurements are not possible with larvae which feed in decomposing 
fruits, though some studies have been made with Dipteran larvae which 
feed in rotting animal tissue (Fraenkel 1981). Firstly, it is 
difficult to make daily measurements of the growth rates etc. of 
individual larvae because to do so would require the destruction of 
the fruit. Secondly, the larvae obtain nutrients from microorganisms 
(Chapter 3) as well as fruit tissue and they probably ingest, excrete 
and recycle much of the decomposed tissue. Consequently it is 
doubtful whether calculations of feeding efficiency can be 
meaningful. Thus in this study the suitability of different fruits 
was assessed only by the relative survival, development time and 
pupal weight of groups of larvae which developed in different fruits.
In addition to comparisons of D.tryoni and D.jarvisi, I tested 
the ability of larvae of some more specialised species to survive in 
cultivated fruits. These were; D.halfordiae, a minor pest of some 
citrus and stone fruits, D.cucumis, an oligophagous pest of 
cultivated and native Cucurbitaceae, D .cacuminatus, a specialist on 
Solanum mauritianum, and D .musae, a specialist on native and 
cultivated bananas (Musa sp.). The latter three species have never 
been or are rarely recorded from cultivated fruits other than their - 
usual hosts. An examination of the survival and growth of these 
species allowed me to determine whether their restricted host range 
in the field was related to specific requirements or physiological 
specialisations of larvae rather than specialised adult behaviour.
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2.2 Haterials and Methods.
2.21 Experimental design.
I investigated the survival and development of a total of six 
species of Dacus; D.tryoni, D.jarvisi, D.cucumis, D♦cacuminatus, 
D.halfordiae and D.musae, in seven species of fruit, though not all 
combinations of fly and fruit were tested. This was because some 
species of fly were available only briefly or else were reluctant to 
lay sufficient eggs to allow replicates to be established. With each 
species of fruit I tested all the available species of fly 
simultaneously using a single batch of fruit, but different fruits 
were tested at different times. In most cases 5-10 replicate fruits 
were established for each species of fly.
Por each experiment I recorded, for each fruit, the percentage 
of eggs or larvae which survived to the pupal stage (% E-P or % L-P), 
the mean pupal weight and percentage of pupae which successfully 
produced adults (% P-A). I also determined the approximate duration 
of the larval stage by regular examinations of each fruit commencing 
a few days before the earliest pupation was expected. The duration of 
pupal development was assessed by counting the emergence of adults 
from each fruit daily. Pupal weight was determined by weighing 
individual pupae on a 25mg. precision torsion balance with an 
accuracy of 0.05 mg. Up to 10 pupae were weighed from each replicate. 
I then used the mean values of pupal weight from all the replicates 
to calculate a weighted mean value of pupal weight for each species 
of fruit.
2.22 Source of eggs or larvae and methods of infestation of fruits.
Eggs were collected either from wild flies reared from host 
fruits.collected in the field, or else from populations of these 
species which had been cultured in the laboratory for only 2—3 
generations. Adult flies were maintained in large mesh covered cages 
at a constant temperature of 25°and >70% humidity. They were 
provided with a solid mixture of sucrose and enzymatic hydrolysate of
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yeast (4:1) and water. Natural lighting was supplemented by 
fluorescent lights above each cage during the day but these were 
switched off before dusk when mating occurs in response to a decrease 
in light intensity (Tychsen & Pletcher 1977). Techniques for the 
maintenance of larvae and pupae were as described by Bateman (1967). 
The artificial medium used in culturing is given in Appendix Table 
2.1. Eggs were collected by offering hollowed domes of suitable 
fruits or oviposition devices containing slices of an appropriate 
fruit. These consisted of a glass petri dish containing the fruit 
which was covered by a membrane of Parafilm. The membrane was 
perforated with pinholes. For each experiment eggs were collected 
over a 3-4 hour period to ensure that larvae hatched at about the 
same time.
Fruits were inoculated with known numbers of freshly laid eggs
in some early trials, but later I used newly-hatched larvae to
initiate infestations. This was accomplished by holding batches of 
oeggs at 25 on moistened filter paper until hatching occurred.
Larvae were then easily transferred to the fruit with a fine camel- 
hair brush. This technique removed the need to assess the hatch of 
eggs in fruits. Some species of fruit may inhibit the hatching of 
eggs and thereby influence their overall suitability for development 
of the larvae (May 1958, Smith 1977, Hely et al 1982). However, this 
effect is usually found only in green fruit and has not been noted in 
most of the fruits tested here. Thus the use of newly-hatched larvae 
should not bias the results in favour of fruits which might otherwise 
be unsuitable. A potentially more important source of bias when using 
eggs collected from wild flies, is that the percentage hatch may be 
low simply because ovarian maturation was not normal. This is 
particularly true of some of the specialised species. By starting the 
experiments with newly hatched larvae I was able to avoid this 
problem and also maintain consistent densities of larvae in replicate 
fruits.
Groups of eggs or larvae were counted, then placed into small 
cavities cut in the surface of the fruit. A flap of skin covered each 
cavity to protect the eggs from desiccation. In all experiments I
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used a density of 1 egg/gm of fruit tissue. This density is similar 
to that observed in the field by Bateman & Sonleitner (1967) and in 
ray collections of fruit from the field (Chapt. 10). The number of 
eggs or larvae per inoculation site was kept between 10-20 to reduce 
the possibility of overcrowding in these sites. Thus the number of 
inoculation sites depended on the size of the fruit.
Whole fruits were used at all times,except in the case of 
cucumber. For this species, I cut transverse sections through the 
fruit to produce slices about 3 cm. thick. Each section was laid flat 
on one of the cut surfaces and eggs or larvae were placed in a cavity 
in the upper surface.
After being inoculated with eggs or larvae, fruits were placed
on a bed of sawdust in individual containers and kept at a constant 
otemperature of 25 and 75% R.H.
2.22 Source of fruit.
All fruit, apart from Solanum was purchased from retailers and 
was thoroughly washed before use. The fruits were subjectively judged 
to be at a suitable stage for development of larvae on the basis of 
colour and firmness and observations of the stages of ripeness chosen 
by female D .tryoni in the field. For example, tomatoes were infested 
when firm and green or when just beginning to colour. Bananas were 
infested when the tissue began to soften.
2.3 Results.
Details of the survival and growth of larvae of each species of 
Pacu3 are shown in Figures 2.1 and 2.2 and Tables 2.1 and 2.2. Each 
histogram in the figures gives the mean percentage survival and the 
standard error of the mean. Data on the survival of larvae and the 
weight of pupae were compared between species of fly, for each 
species of fruit, using one factor ANOVAS (on arcsine transformed 
data) (Table 2.3) and SNK tests for unequal sample sizes (Zar 1974, 
p.155). Results of SNK tests are shown in the figures. A few fruits
Table 2.1. The mean percentage emergence of adults from pupae which 
had developed in a range of cultivated fruits.
Species of fruit
Species of
Dacus Nectarine Apricot Tomato Banana Pumpkin Cucumber So Ian urn
D.tryoni 92.0 91.0 85.7 93.0 93.0 33.8 92.0
D.jarvisi 83.8 88.0 79.1 92.7 85.4 24.7 88.0
D.cucumis 96.0 89.0 96.0 53.0 91.5 86.0 -
D.cacumin. 80.0 73.0 87.0 81.5 - - 96.0
D.musae - - 89.0 98.0 99.0 - 100.0
D.halford. - - - 84.0 - - 92.0
Table 2.2. Mean time for development of larvae (L ) and the total
development time (T) for different species of Dacus in various
species of fruit.
Species Species of fruit
of Pumpkin * Nectarine * Apricot Tomato Banana Cucumber
Dacus L T L T L T L T L T L T
D. tryoni 8.0 20.2 8.0 22.0 8.0 23.0 8.0 21.1 9.0 24.3 9.0 22.8
D.jarvisi 8.0 22.2 9.0 23.0 8.0 23.0 9.0 23.3 9.0 25.4 11.0 25.1
D. cucumis 6.5 23.4 7.0 23.0 6.5 24.0 7.0 22.7 11.0 26.0 5.0 18.8
D.cacumin. - - 10.0 25.0 10.0 24.5 9.0 23.6 10.0 25.3 - -
D.musae 9.0 24.0 - - - - - - 8.0 23.0 - -
* - Infestation commenced with freshly laid eggs. Thus the times for 
development include the incubation time of eggs. For the remainder, 
infestations commenced with newly hatched larvae.
Pigure 2.1. The mean percentage survival of six species 
of Dacus in various species of fruit.
For pumpkin and nectarine the % survival is from egg to pupal 
stage. For the remaining fruits, % survival is from larva to 
pupal stage. Letters above the histograms for each species of 
fruit indicate significant differences between species of 
Dacus. T- D .tryoni, J- D.jarvisi, C- D.cucumis, Cac.- 
D.cacuminatus, M- D.musae, H- D.halfordiae.(N.T .= not tested)
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of some species became infected with fungal growths during the 
experiments. These infections caused obvious mortality of the larvae 
and these fruits were excluded from the analysis. For some fruits, 
such as cucumber, I used the survival of larvae of a species adapted 
to this fruit (D.cucumis) to assess the success of the experiment. If 
larvae of this species did not survive and develop normally, the 
results for other species were ignored and the experiment repeated.
Larvae of most species survived and developed well in 
nectarines, apricots, tomatoes, banana and Solanum mauritianum. There 
was evidence that a fruit was suitable for the development of only 
one species of Dacus only in cucumber. In this fruit, the larvae of 
D.cucumis, the species adapted to utilise cucurbits, survived and 
grew rapidly whereas few larvae of other species survived (Fig. 2.1).
Larvae of D.tryoni, the generalist, survived and developed 
normally in nectarine, apricot, tomato, banana, pumpkin and Solanum. 
With an initial density of 1 larvae/gm, the pupae produced from most 
fruits averaged 12.5-14.0 mg. in weight. This compares favourably 
with the results of Bower (1975). In a study with D .tryoni, he used 
an egg density of 0.3 eggs/gm in peaches, pears, apples and quinces 
and obtained mean pupal weights of 10.0-14.0 mg. The average pupal 
weight of D .tryoni grown in a high quality laboratory medium at 
optimal densities is 14.0-15.0 mg (Hooper 1978). This suggests that 
the density used here was not so high that larvae were overcrowded in 
the fruits. Survival of D.tryoni larvae was very poor in cucumber 
(22.6%) and the pupae which were formed were significantly smaller 
(p<0.01) than those from other fruits (8.5 mg). Furthermore only 34% 
of these pupae successfully produced adults (Table 2.1). There was 
relatively little difference in the development times of D.tryoni 
larvae or of the total duration of all developmental stages in 
different fruits. The time for larval development in nectarines (8 
days) is similar to that found by Bower (1975) in a similar fruit, 
peach (9 days ).
In all respects the results for D.jarvisi were similar to those 
for D .tryoni. There was no significant difference between them in
Figure 2.2. The mean weight (mg.) of pupae of each species of 
Dacus when development occurred in different species of 
fruit. Letters above the histograms indicate significant 
differences among species for each fruit.
T- D .tryoni, J- D.jarvisi, C- D.cucumis, Cac.- D .cacuminatus, 
M- D.musae.
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survival in any fruit (Pig. 2.1) and pupal weights were also similar 
(Fig. 2.2). The percentage survival of D.jarvisi larvae was highest 
in banana, nectarine and apricot and lowest in cucumber. Pupae 
averaged 13.0-15.0 mg. from most fruits, but only very small pupae 
were produced in cucumber (5.6 mg. ) and few of these emerged 
successfully (25%). As with D .tryoni the average weight of D.jarvisi 
pupae is similar to that achieved in artificial media and in the 
native host fruit, Planchonia careya (pers. obs.).
Surprisingly, larvae of the cucurbit specialist, D.cucumis 
survived and developed well in apricots, nectarines and tomatoes as 
well as in its more usual hosts, cucumber and pumpkin. Larvae of 
D.cucumis developed more rapidly (by about 2 days) in all these 
fruits than any other species of fly (Table 2.2). They developed most 
rapidly in cucumber (5 days). This difference cannot be explained in 
terms of differences in the incubation time of eggs (Chapt. 4) since 
in apricots, tomatoes and cucumber the infestations commenced with 
newly hatched larvae. Rajamannar (1962) found similarly that larvae 
of another cucurbit specialist, D .cucurbitae, developed rapidly in 
cucumber and pumpkin (4-5 days) but more slowly in some non- 
cucurbitaceous fruits. D.cucumis was the only species to develop 
successfully in cucumber. The poor development of other species may 
be because cucumber tissue lacks essential nutrients or contains 
toxins to which D.cucumis is adapted. Alternatively their high 
mortality may be caused by the high moisture content of the cucumber 
tissue. For example, high mortality of D.dorsalis larvae in 
pineapples has been attributed to the high moisture content of the 
flesh (Macion et al 1968). My observations with tomatoes and pears, 
and those of Bower (1975), suggest that survival of D .tryoni larvae 
is reduced when these fruits are overripe and the breakdown of the 
pectins in cell walls causes an increase in moisture content. Perhaps 
the large size of D .cucumis larvae at hatching (Chapt.4), relative to 
other species, is an advantage in coping with excessive moisture.
In contrast to their high survival in most fruits, the survival 
of D .cucumis larvae in bananas was significantly lower than any other
species of fly (Fig. 2.1), and they did not survive at all in
Table 2.3. Results of One factor ANOV&S on the percentage survival of 
larvae and mean pupal weight of different species of Dacus in various
species of fruit.
% data transformed to arcsines prior to analysis.
Species of Percentage survival Pupal weight
fruit P ratio df P P ratio df P
Pumpkin — - — 2.84 3,25 NS
nectarine 1.34 3,29 NS 3.29 3,14 NS
Tomato 13.24 4, 24 11.13 3,12 *■**
Apricot 38.59 4,41 Hr i t  i t 26.45 3, 18 it i t  it
Cucumber 20.84 5,28 i t  i t  i t 41.27 3,12 i t  i t *
Banana 1 5.06 5,47 ■ t d e i c 31.32 4, 19 * * *
Banana 2 18.06 3, 19 — — —
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Solanum. In addition those larvae which did survive in bananas formed 
smaller pupae than those from other fruits (9.6 mg vs. 14.0-17.0 mg). 
The high mortality of D.cucumis larvae, relative to the other 
species, prompted me to repeat the trials with bananas and Solanum, 
but in each trial mortality was high in bananas and total in Solanum. 
D.cucurbitae also survive poorly in bananas (Rajamannar 1962).
Larvae of the two specialists, D .cacuminatus and D.musae, 
survived and developed normally in several fruits outside their 
normal host range. Survival of D.cacuminatus in nectarines, apricots, 
tomatoes, bananas and Solanum was not significantly different to that 
of D.tryoni and D.jarvisi (Fig. 2.1). However, they did not survive 
in either of the cucurbits, cucumber and pumpkin. In general, pupae 
of D .cacuminatus were smaller than those of other species reared in 
the same fruits but this is al3o true when larvae are reared in 
artificial media. D.cacuminatus is intrinsically smaller than the 
other species studied (Chapt. 4).
The survival of D.musae was not tested in all fruits but larvae 
survived and developed normally in two novel fruits, pumpkin and 
Solanum, in addition to the normal host, banana. They survived less 
well in tomato. There was little difference in the weight of pupae 
which developed in any of these fruits. D.musae larvae also develop 
normally in apricot and peach (pers. obs. ) and in guava (May 1953, 
Chapt. 10). A third specialised species, D .aglaiae, was held in the 
laboratory for a brief period. D.aglaiae breeds only in the fruits of 
Aglaia ferrugiana and A.sapindina in the field (May 1953, Chapt. 10) 
but in the laboratory, larvae developed successfully in apricots. 
Survival was high and development was completed in 8 days.
Despite the high survival of larvae of different species in 
several species of fruit, the importance of fruit ripeness was 
evident in many experiments. For example, in tomatoes larvae often 
died in late instars because the fruits had ripened rapidly and 
putrified. Furthermore, in bananas the timing of the inoculation of 
larvae into the fruit was crucial to their survival. Only D.musae 
larvae are able to develop in green bananas (May 1953, 1963) and in
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the field bananas are not attacked by D.tryoni and D.jarvisi until 
they have ripened. These effects highlight the importance of 
behavioural discrimination by adult females during host selection in 
ensuring that fruits are infested at a stage of ripeness suitable for 
the development of larvae.
Most of the fruits which were suitable for larval development 
for each species also produced pupae of normal size and a high 
proportion of these emerged successfully as adults (>80%, Table 2.2).
These experiments provided some surprising results. There was 
high survival and normal development of the oligophagous and 
monophagous species in several cultivated fruits which are never 
infested by these species in the field. In addition all species, 
apart from D.cucumis, developed normally in fruit of the only wild 
plant tested, Solanurn. This is an abundant plant in coastal areas of 
eastern Australia from Victoria to Cape York and it produces prolific 
crops of fruit. However, extensive collections by May (1953,1957, 
1960), Hooper (pers. comm.) and myself have found only D.cacuminatus 
infesting this species. As I show in Chapter 8 the absence of 
infestations by other species may be explained by the observation 
that ripening Solanurn fruit is repellent to ovipositing female 
D.tryoni.
2.4 Discussion.
2.41 Comparative survival of D.tryoni and D.jarvisi in cultivated 
fruits.
The performance of D.tryoni and D.jarvisi was similar in all the 
fruits tested. Experimental infestations of peaches and plums (Chapt. 
7) and field collections of guavas indicate that these fruits are 
also equally suitable for the development of both species. These 
experiments suggest that there are no nutritional or physical 
barriers to survival of D.jarvisi larvae in many species of 
cultivated fruit. Consequently there should be little selection 
against females which infest these fruits. Moreover, it seems that
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the effect of D.tryoni on the survival and reproduction of D.jarvisi 
can be examined without the additional consideration of differential 
effects of host fruits on their survival and rates of increase.
One component of fitness not measured here was the fecundity of 
the adults produced from different species of fruit. Neilson et al 
(1981) showed considerable differences in the fecundity of 
R.pomonella adults which developed in different varieties of apple. 
These varieties also differed markedly in their suitability for 
development of larvae. Effects of the larval host plant on the 
reproductive fitness of adults insects are known in many other 
insect/plant relationships (White 1976, Beck & Reese 1976, McNeill & 
Southwood 1978, Bernays & Chapman 1978, Myers & Post 1981). However, 
in most cases, reduced fecundity of adults is accompanied by reduced 
survival and growth of the larval stages as well, and is often a 
direct consequence of the reduced 3ize of adults caused by 
inadequacies of the larval environment. In the present case it seems 
reasonable to assume that if a fruit supports rapid development of 
larvae, high survival of larvae and produces pupae of normal size, it 
would not have a deleterious effect on subsequent fecundity. It seems 
more likely that physical or chemical inadequacies of a particular 
foodplant would be reflected in both the feeding stages and the adult 
rather than in the adult alone.
2.42 Nutritional requirements of tephritid larvae.
Larvae of the specialised species of Dacus also developed 
normally in some cultivated fruits. There was little difference 
between the generalist and specialist species of Dacus in their 
development in some of the fruits. Similar results were obtained in 
experiments with specialised species of Dacus (D .opiliae and 
D.tenuifascia) from northern Australia (Pitt 1981a).
These results are in general agreement with other experimental 
comparisons of the survival and feeding efficiency of generalist and 
specialist species of insect. Since generalists are by definition 
likely to attack a greater and chemically more diverse range of host
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plants they are less likely than specialists to be equally adapted to 
all their foodplants (Waldbauer 1968). A corollary of this hypothesis 
is that specialists should develop most efficiently on their own host 
plant rather than alternatives (Dethier 1954, Waldbauer 1968).
However a number of studies have found little difference between 
specialists and generalists in survival or efficiency when feeding on 
a range of plants (Schroeder 1976, Smiley 1978, Scriber & Peeny 1979, 
Pox & Morrow 1980, Auerbach & Strong 1981, Futuyma & Wasserman 1981). 
Several studies have shown that the host range of larvae of 
specialised insects is often broader than the range accepted by the 
adult for oviposition (Chapt. 8). On the basis of these results with 
Dacus larvae it seems that the realised host range of many species, 
in relation to cultivated fruits, is constrained less by the 
nutritional requirements of larvae than by the specific behaviour of 
adult females during host selection. There appear to be few specific 
nutritional requirements which may limit their host range. However, 
as I indicate later, this generalisation should not be extended to 
include native fruits.
There have been many studies of the nutrition of Tephritid 
larvae but these have dealt mainly with the development of artificial 
diets for mass rearing of various species (Finney 1956, Christenson 
et al 1956, Mitchell et al 1965, Neilson & McAllan 1964, Tzanakakis & 
Economopoulos 1967, Tanaka et al 1969, Schroeder et al 1972, Manoukas 
1975, AliNiazee & Brown 1977, Ashraf et al 1978, Hooper 1978, 
Srivastava & Pant 1981). In general this research has been based on 
modifications of the original carrot-based diet developed by Finney 
(1956). While the nutritional requirements of larvae have not yet 
been fully defined a major conclusion from these studies is that few 
species have specialised nutritional requirements which may limit 
their host range. D.oleae is probably the most specialised in this
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regard (Tzanakakis & Econompoulos 1967, Manoukas 1975). The modified 
carrot diet developed by Bateman (1967) has proven suitable for the 
development of both generalised species of Dacus; D .tryoni,
D.neohumeralis, D.jarvisi, D.aquilonis, D.kraussi, and more 
specialised species; D.aglaia, D.bryoniae, D .cacuminatus, D.cucumis, 
D.halfordiae, D .musae, D.opiliae, D.pallidus, D.tenuifascia and
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D.visendus (pers. obs). It proved unsuitable, however, for the flower 
feeder, Paraceratitella eurycephala and for Adrama biseta, whose 
larvae develop in the seed of Barringtonia acutangula (pers. obs. ).
In contrast to work with artificial diets, there have been few 
comparative studies of the survival of tephritid larvae in different 
fruits. Allman (1939), Rivnay (1950) and Rajamannar (1962) reported 
differences in the time for development, growth and survival of 
larvae of D .tryoni, C.capitata and D.cucurbitae respectively in a 
range of cultivated fruits. Bower (1975) conducted an extensive study 
of growth and survival of D.tryoni larvae in four cultivated hosts; 
peach, pear, apple and quince. He found that survival was highest in 
peaches (70-80%) and lowest in apples (30-70%). Larvae also developed 
most rapidly in peaches (8-10 days) and much more slowly in apples 
(20-28 days). In addition survival and pupal weight were inversely 
related to development time. Macion et al (1968) studied the 
resistance of pineapples to infestation by D.dorsalis. Larvae of this 
species develop in a wide range of fruits (Bess & Haramoto 1961) and 
Macion et al (1968) showed that pineapple tissue was nutritionally 
adequate for the development of larvae. However, its natural 
resistance to infestation was due to physical factors, primarily the 
high liquid content, which caused high mortality of eggs and larvae.
A similar effect of high moisture content may explain the poor 
survival of most species of Dacus in cucumber. Dean & Chapman (1973) 
and Neilson (1976) reported considerable differences in the 
suitability of different varieties of apples for development of 
R.pomonella. Subsequently, Neilson et al (1981) found that these 
differences between varieties also influenced the fecundity and 
longevity of adults. Dean & Chapman (1973) emphasise the influence of 
both physical and chemical characteristics of apples on R.pomonella 
larvae. Larval survival was negatively correlated with fruit 
"hardness” and sugar content and positively correlated with moisture 
content and acidity. As with Bower’s study (1975) they found a 
negative relationship between development time and survival. Neilson 
(1967) also recorded high mortality of R.pomonella larvae in some 
varieties of crab apples, Malus baccata, which Pree (1977) showed was
due to the concentrations of phenols and tannins in the fruits.
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2.43 Poor survival of D.cucumis larvae in some fruit3.
The survival and development of D.cucumis larvae was somewhat 
surprising. Larvae of this species developed and survived as well as, 
or better than other species in the stone fruits and tomato. However 
they survived poorly or not at all in banana and Solanum, even though 
these fruits were suitable for several other species. Rajamannar 
(1962) reported similar results with another cucurbit specialist, 
D.cucurbitae. He found that survival was low in bananas and guava (4% 
and 1% respectively) even though the latter fruit is an excellent 
host for many species of Dacus. Both D .cucumis and D.cucurbitae have 
specialised on fruits in the Cucurbitaceae and the physiology of 
larvae should be adapted to the chemistry of these fruits. Thus one 
explanation for the low level of survival in bananas may lie in the 
chemical differences between "vegetables" and the more typical 
"fruits" (drupes and berries). Cucurbits typically contain lower 
levels of simple sugars and have a higher pH and higher water content 
than other fruits (Table 2.4). As a result there are fundamental 
differences between fruits and vegetables in the nature of their 
decomposition by microorganisms. Vegetables usually undergo bacterial 
decay rather than the fermentative breakdown typical of fruits with a 
higher sugar content and lower pH (Jay 1970). Rivnay (1950) suggested 
that the high sugar content of some fruits may influence their 
suitability for the development of C.capitata because of the 
production of ethanol during fermentation. He found that survival was 
poor in figs with a sugar content of 14.5%. Bananas have the highest 
sugar content of any of the fruits tested here (Table 2.4). This 
combined with their relatively low moisture content may explain the 
poor survival of larvae adapted to development in fruits with high 
moisture and low sugar contents. I cannot explain the high mortality 
in Solanum fruits except to suggest that D.cucumis larvae are 
particularly susceptible to an alkaloid which may be present in these 
fruits.
2.44 Nutritional quality of fruit as a resource.
Individual fruits are ephemeral resources. Their structural and
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chemical suitability for the development of larvae may change rapidly 
during decomposition. Invasion by pathogenic fungi or bacteria (Chap. 
3) or ingestion of the fruit by vertebrates may cause significant 
mortality of larvae. Thus larvae would presumably be selected to 
develop as rapidly as possible through the larval stage. Here I 
discuss some of the attributes of wild and cultivated fruits which 
may influence the rate of development and potential host range of 
Dacus larvae.
Fraenkel (1953,1969) advanced the view that all plants provide 
the essential nutrients required for the survival and growth of 
insects and that the specificity of feeding patterns reflected 
evolutionary responses to secondary compounds. This view formed the 
basis for current theories on the evolution of feeding patterns of 
insects and the defensive chemistry of plants (Beck & Reese 1976, 
Rhodes & Cates 1976, Feeny 1976, Rhodes 1979). The hypothesis that 
all plants are nutritionally adequate has been tempered somewhat by 
the findings of House (1969) and others (Southwood 1973, Schoonhoven 
1981). House (1969) showed the importance of the balance of nutrients 
(between sugars and amino acids) in determining the suitability of 
different insect diets. Despite this, there is little evidence that 
the diversity of feeding specialisations seen in insects is based on 
nutritional differences between plants (Dethier 1970, Beck & Reese 
1976, Harborne 1977). Nevertheless, within the acceptable host range, 
nutritional factors may influence the patterns of utilisation of 
different hosts (van Emden 1972,1978, Kogan 1977, Bernays & Chapman 
1978, McClure 1980) and rates of growth and feeding efficiency of 
larvae (White 1978, McNeill & Southwood 1978, Beck & Reese 1976).
Of particular importance for the development of the immature 
stages of phytophagous insects is the percentage of nitrogen in the 
food (McNeill & Southwood 1978, Mattson 1980, McClure 1980). Various 
parameters of feeding efficiency and survival of herbivores are 
positively correlated with nitrogen content (Slansky & Feeny 1977, 
Mattson 1980, Auerbach & Strong 1981). Several authors have noted 
that artificial diets developed for laboratory rearing of insects 
must contain 20% or more of protein (dry weight) for adequate
Table 2.4. Chemical characteristics of some of the fruit used in 
these experiments and some other hosts of fruit flies.
Data from Hulme (1970), ManouJcas et al (1973), Jay (1970), Osborne & 
Voogt (1978), James K.W. (pers. comm). All percentages are of the 
fresh weight.
Species 
of fruit
% Total 
Sugars
% Avail. 
Carbohyd.
%
Moisture
%
Protein
%
Lipid
Vit. C 
mg/100 g.
Apricot 6.1 8.0 85.3 1.0 0.1 7-10
Nectarine 7.9 9.0 81.8 0.6 0.1 -
Tomato 2.8 3.0 94.0 1.2 0.3 25
Banana 18.0 23.0 75.7 1.1 0.2 10-30
Cucumber - 1.5 96.0 0.6 0.1 10
Pumpkin - 7.3 90.5 1.2 0.2 -
Apple 6.0 11.0 84.8 0.2 0.4 2-10
Pear 10.0 15.8 83.2 0.7 0.4 4
Peach 8.4 9.0 89.1 0.6 0.1 7
Guava 5.7 - 83.0 0.8 - 300
Plum 7.5 10.0 85.0 0.7 0.2 3
Olive 2.2 - 78.2 1.4 <*•inH100 -
Planchonia - 
careya (1)
- 79.0 2.8 0.6 2
Nauclea
orientalis (2)
— 73.4 3.2 0.4 29
Terminalia - 
ferdinandiana ( 3)
79.1 0.7 2.8 406
(1) Host of D.jarvisi. (2) Host of D.pallidus. (3) Host of
D.aquilonis.
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results, yet most plants contain considerably less than this (White 
1978, Bernays & Chapman 1978, Mattson 1980). McNeill and Southwood 
(1978) suggest that in addition to allelochemical barriers to 
feeding, low levels of nitrogen may represent a nutritional "hurdle" 
which developing insects must overcome.
In this connection the nutritional content and balance of 
nutrients supplied by fruits may be important in defining their 
suitability for Dacus larvae. Pruits are typically high in water 
content and soluble and structural carbohydrates and contain a 
diversity of organic acids (Hulme 1970). They are low to medium in 
lipid content and almost exclusively low in protein content (Hansen 
1970, Snow 1971, Morton 1973, McKey 1975, Crome 1975a,b, Mattson 
1980, Herrera 1981, 1982a, Table 2.4). Pruits are amongst the poorest 
sources of protein in nature (Osborne & Voogt 1978) though there is 
an indication that some tropical fruits may be more nutritious than 
temperate ones (Herrera 1981). Fruits also often supply an unbalanced 
array of other nutrients; organic acids, vitamins and minerals 
(Herrera 1982a) which may influence their suitability for larval 
development (House 1969). These attributes might suggest that fruit 
pulp would be unsuitable for the development of rapidly growing 
larvae.
Mattson (1980) lists two divergent stategies adopted by insects 
feeding on carbohydrate rich, but nitrogen poor foodstuffs;
1) process rapidly and partially recycle large quantities of 
food through a relatively simple alimentary canal.
2) process smaller volumes only once but more slowly through an 
elaborate alimentary canal.
Both strategies rely on microorganisms to break down the fibre 
and assist in the synthesis of fatty acids, vitamins, amino acids and 
proteins which may be in short supply. Tephritid larvae would seem to 
have adopted the first of these approaches. Larvae feed continuously 
during development, except when moulting, and they almost certainly
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recycle faecal material once the fruit tissue has begun to decompose. 
Ingested food may pass through the simple alimentary canal of Dacus 
larvae within 20-30 minutes (Chapt. 3). Larvae are also known to be 
associated with various microorganisms which may assist in the 
decomposition of fruit and the nutrition of larvae (Chapt. 3 ), though 
the nature of this relationship is not clear. Thus larvae are capable 
of ingesting, processing and recycing large quantities of 
microorganism-enriched tissue. These attributes must allow them to 
develop rapidly in a nitrogen poor environment.
2.45 Chemical defences of fruits and changes in chemistry during 
ripening.
A second factor which may limit the potential host range of 
Dacus larvae is the diverse secondary chemistry of most fruits.
Fleshy fruits have evolved to assist in the dispersal of seeds away 
from the parent plant (van der Pijl 1972, McKey 1975, Janzen 1978b). 
Their morphology and chemistry can be understood in terms of the 
defence of the immature seeds against predation prior to dispersal 
and later the attraction of suitable vertebrate dispersal agents when 
the seeds are mature (Snow 1971, Horton 1973, McKey 1975, Janzen 
1978b). Green fruits contain many of the classes of defensive 
chemicals usually associated with the defence of foliage (Janzen 
1978a,b, McKey 1975, Pree 1977, Levin 1971, Herrera 1982a). The 
investment of chemical defences in green fruits is a reflection of 
their value to the plant in terms of reproductive fitness (McKey 
1979). The loss of a green fruit to herbivores may be more "costly" 
to the plant than the loss of an equivalent biomass of leaves (Janzen 
1978b, McKey 1979). Some examples of these chemicaldefenses include 
fruits of the Solanaceae and other wild fruits which contain 
significant concentrations of alkaloids (Webb 1952, Bradley et al 
1978). The fruits of S.mauritianum contain higher concentrations of 
steroidal alkaloids (1.1%, measured in solasodine equivalents) than 
the leaves or stems (Bradley et al 1978). Maceration of green papaya 
fruit produces benzyl isothiocyanate, which is toxic to Dacus larvae 
and repellent to ovipositing females (Seo et al 1982). Wild fruits of 
many species contain a variety of toxins, antibiotics and enzyme
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inhibitors (Webb 1952, Weil 1965, Pree 1977, Schultes & Hofmann 1980, 
Janzen 1978a, Liener 1980, Herrera 1982a). Moreover green fruits are 
metabolically active and capable of induced defensive responses to 
invasion by pathogens and possibly insects (Chapt. 3).
Fruits axe also a rich source of phenolic compounds; simple 
phenols, cinnamic acids, flavonoids, anthocycanins and 
leucoanthocyanins (condensed tannins), the latter of which impart the 
characteristic astringency of many fruits (Harborne 1964, Joslyn & 
Goldstein 1969, van Buren 1970, Pree 1977, Janzen 1978b). Indeed the 
presence of tannins has impeded studies of the protein content of 
fruits (Hansen 1970) and of other enzyme systems (van Buren 1970). 
Tannins are one of the major classes of plant secondary compounds 
which are thought to act as defences against generalist and 
specialist herbivores (Feeny 1976, Rhodes & Cates 1976, Swain 1979) 
and against plant pathogenic fungi and bacteria (Cole 1958, van Buren 
1970, Harborne & Ingham 1978). Their defensive capability is derived 
from their ability to form complexes with protein thus rendering 
plant proteins less digestible and also interfering with the 
digestive enzymes of the herbivore. For example, Feeny (1969,1970) 
showed that concentrations of as a little as 1% tannic acid reduced 
the growth rate and pupal weight of winter moth larvae.
Concentrations of only 10 ppm of tannic acid caused pathological 
changes in the salivary glands of Drosophila (Kreber & Einhellig 
1972). Pree (1977) was able to correlate the suitability of crab 
apples for the development of R.pomonella larvae with their total 
phenol content and showed that phenols and tannins inhibited 
development when added to artificial media. However, some insects 
(Chrysomelids and Acridids) are unaffected by tannin in their food 
(Fox & Macauley 1977, Bernays 1978, Bernays et al 1981) and some even 
use tannins as a nutrient (Bernays & Woodhead 1982).
In view of the known role of secondary compounds on the feeding 
patterns of insects (Beck & Reese 1976, Rhodes & Cates 1976, Kogan 
1977, Rosenthal & Janzen 1979) it may be that the feeding 
specialisations of different species of Dacus have evolved in
response to the diverse array of defensive compounds in fruits.
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However, it is characteristic of many fleshy fruits that the 
defensive compounds disappear as the fruit ripens so as to increase 
its attractiveness to dispersal agents (Dement & Mooney 1974, McKey 
1975, 1979). For example, the concentrations of tomatine in tomatoes 
and of other alkaloids in other Solanaceous fruits decline during 
ripening (Heftmann & Schwinner 1972, Symon 1979). Cucurbitacins, the 
bitter components of many cucurbit fruits, usually disappear (Goodwin 
& Goad 1970). Similarly benzylglucosinolate, the precursor of benzyl 
isothiocycanate, disappears as papaya fruit ripens (Flath & Forrey 
1977). Concentrations of tannins also decline during ripening of many 
cultivated fruits largely as a result of increased polymerisation to 
larger molecules which are no longer astringent (Goldstein & Swain 
1963). Moreover the activity of polyphenol oxidases, which produce 
toxins or deterrents from polyphenols, also declines during ripening 
(Mayer & Harel 1981). The extent to which defensive compounds 
disappear from the native hosts of species of Dacus is not known.
Dean & Chapman (1973), Bower (1975), Neilson et al (1981) and 
Seo et al (1982) have all noted that survival of tephritid larvae is 
poor in unripe fruits and females prefer to oviposit in fruits which 
are beginning to ripen (Bateman & Sonleitner 1967, Fitt 1981a, 
Eisemann 1980, Seo et al 1982). Perhaps this preference has evolved 
in response to the changes in the defensive chemistry of fruits 
outlined above as well as the physical changes in the tissues 
associated with ripening. Consequently whereas larvae of most 
phytophagous insects must deal with quantities of defensive compounds 
in their diets, Dacus larvae may largely avoid these.
2.46 Comparisons of cultivated and wild fruits.
These experiments and others (Fitt 1981a) indicate that larvae 
of both generalist and specialist species of Dacus are able to 
develop successfully in several cultivated fruits and that host 
shifts onto these fruits may not be restricted by requirements of the 
larvae. However, this observation cannot be extended to include 
shifts between species of native fruits.
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Native fruits are likely to differ from cultivated species in a 
number of ways pertinent to the survival of tephritid larvae. 
According to Herrera (1982a), one of the main criteria for the 
initial selection of species for domestication was that they were 
non-toxic. Furthermore, as a result of artificial selection 
associated with domestication many of the chemical defences of 
cultivated fruits have disappeared. For example, selective breeding 
has eliminated certain cucurbitacins, which deter insect feeding, 
from the fruits of cultivated cucurbits though they are still 
widespread in stem and leaf tissue (Chambliss & Jones 1966, Rhodes et 
al 1980). Harborne (1964) states that cultivated fruits have 
generally been selected for low leucoanthocyanidin (condensed tannin) 
content. Moreover, while defensive compounds decline in most 
cultivated fruits upon maturation, this is not true of all wild 
fruits, many of which remain toxic (to vertebrates) and astringent 
when ripe (Janzen 1978a,b Howe & Vande Kerckhove 1979, 1981, Herrera 
1982a). As a result it seems clear that host shifts between wild host 
fruits may require adaptive changes in larval physiology gls well as 
adult behaviour (Bush 1974). In the only study to date of the 
survival of Pacu3 larvae in different wild hosts, Fitt (1981a) showed 
considerable host specificity in the patterns of survival. In fruits 
of Planchonia careya, Opilia amentácea, Strychnos lucida and 
Terminalia ferdinandiana, only larvae of the species adapted to each 
fruit were able to survive.
28
Chapter 3 : Bacteria Associated With Dacine Fruit Flies and Their
Role in the Nutrition of Larvae.
3.1 Introduction
Many insects which feed on plant material rely on symbiotic 
associations with microorganisms for some aspect of their nutrition. 
Bacterial symbionts may occur intracellularly or extracellularly and 
in some cases may be cultivated external to the insect host as, for 
example, in the relationship between wood-boring beetles and ambrosia 
fungus (Buchner 1965) or siricid wood wasps and their fungi (Madden & 
Coutts 1979). Examples of symbiosis are known in all insect orders.
Among the Diptera, Buchner (1965) rates the Tephritidae as 
having the most well developed association with bacterial symbionts. 
The classic study in this family is that of the Olive fly, Dacus 
oleae, conducted by Petri and extended by Stammer (reported in 
Buchner 1965) and Hellmuth (1956). These studies revealed a complex 
relationship between each stage of the insect's development and the 
symbiont, Pseudomonas savastanoi. The microorganism apparently 
functioned only within the insect as it could not be isolated from 
infested fruit.
Symbiotic associations have also been claimed in many other 
Tephritids (Table 3.1). Stammer (reported in Buchner 1965) isolated 
bacteria regularly from 37 species of tephritids. Allen et al (1934) 
identified the symbiont Pseudomonas melophthora, associated with the 
apple maggot, Rhagoletis pomonella, and Hellmuth (1956) observed 
bacteria in all 43 species of Dacinae, Tephritinae and Trypetinae she 
examined ♦ She named Pseudomonas mutabili3 as the symbiont in most of 
these. In the case of R.pomonella the symbiont was found to be free 
living within decomposing fruit tissue where it induced a 
characteristic soft rot (Allen & Riker 1932, Allen et al 1934). These 
workers isolated bacteria from the eggs and the ovipositors of adults 
and from the larvae and pupae. They further showed that the organism 
isolated from these stages could initiate a decompostion of fruit 
similar to that observed in the presence of larvae.
Table 3.1» Bacteria Associated With Various Tephritid Species.
(A ) Suspected Symbionts
Ply Microorganism Reference
Dacus oleae Pseudomonas savastanoi Petri (1904-1910)
Agrobacterium luteum Hagan( 1966)
Rhaqoletis
pomonella
Pseudomonas melophthora Allen et al (1934) 
Allen (1931) 
Miyazaki et al(1968)
Rhagoletis cerasi Pseudomonas sp. Linderova (1977)
47 species in Pseudomonas mutabilis Hellmuth (1956)
Dacinae,Tephritini 
& Trypetinae
(B) Pathogenic Associations
Ply Microorganism Reference
Anastrepha Serratia marcescens McFadden (1966)
ludens
Ceratitis capitata Serratia marcescens Moore & Nadel(1961)
D .dorsalis Serratia marcescens Steinhaus (1959)
D.oleae Pseudomonas putida Haniotakis and
S.marcescens, Sarcina sp. Avtzis (1977)
(C) Mon-Pathogenic Associations *
Fly Microorganism Reference
Rhaqoletis
completa
Pseudomonas, Xanthomonas 
Serratia
Tsiropoulos (1976)
Anastrepha
suspensa
Micrococcus sp. Erwinia sp 
Pseudomonas sp. P.ovalis
. Mallory Boush et al 
(1972)
D .oleae Pseudomonas sp.** & other 
Ent erobacter iaceae
Yamvrias et al 
(1970)
47 species in 
Dacinae,Tephritini 
& Try pet inae *
Erwinia atroseptica 
E .carnegiana, Erwinia sp. 
Klebsiella, Escherichia, 
Citrobacter freundii
Hellmuth (1956)
Anastrepha picklei Erwinia carotovorum Belloti & Pena( 1978)
*-Not isolated regularly enough to suggest a symbiosis according to 
the authors. **- Pseudomonas 3avastanoi not found by these authors.
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Organs have been identified, in both adults and larvae of many 
tephritid species, for the maintenance of bacterial cultures 
(Stammer reported in Buchner 1965; Girolami 1973). Such organs axe 
known in the head (oesophageal diverticulum) and abdomen of adults 
and alimentary canal of larvae (Dean 1933,1935; Girolami 1973). Petri 
(reported in Buchner 1965) described an elaborate structure in 
D.oleae, involving a connection between the gut and oviduct which 
allowed eggs to be smeared with bacteria as they were laid. A similar 
structure occurs in R.pomonella (Dean 1933,1935).
A few studies have demonstrated or suggested that the supposed 
"symbionts" are necessary for larval survival or are of some other 
potential value. In D.oleae, Petri (1911) found that bacteria produce 
a lipase which may assist in the digestion of oils in the olive. 
Later, Hagen (1966) demonstrated that when females were fed the 
antibiotic streptomycin and then allowed to oviposit in olives, the 
resulting larvae died in the first instar. He suggested that 
nutrients within the fruit tissue were released by the action of 
bacteria and demonstrated experimentally that protein degradation may 
be the main function of the symbiont. Stammer (reported by Steinhaus 
1946) concluded that the larvae of all tephritids could develop only 
in the presence of microorganisms. Furthermore, Miyazaki et al (1968) 
showed that the symbiont of R.pomonella could synthesize arginine and 
methionine, both of which were absent from apple tissue. P3uedomonas 
melophthora also had the capacity to degrade a number of insecticides 
(Mallory Boush & Matsumura 1967) suggesting a role in detoxification 
of noxious components in the environment of the larva. Recently, 
Tsiropoulos (1981) has shown that bacteria may supply vitamins, amino 
acids and possibly minerals, which are essential for the development 
of adult Rhagoletis completa (Tsiropoulos 1980a,b).
Many roles could be or have been suggested for bacteria in the 
nutrition of larval and adult insects (Buchner 1965). Bacteria may:
1. provide the main source of nutrients for larvae by being ingested 
and digested.
2. provide enzyme systems, lacking in the larvae, which are necessary
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to release nutrients from fruit.
3. synthesise some nutrients necessary for larval survival and 
development (eg. an amino acid or vitamin) which may be absent or 
rare.
4. detoxify noxious chemicals in the environment of the larva.
5. exclude other microorganisms from the fruit (eg. fungi) which may 
be deleterious to larvae.
6. act to rapidly render the fruit unpleasant to large frugivorous 
vertebrates thereby assisting larval survival (suggested by Janzen 
1977 ).
7. perform several or all of these functions for different 
combinations of fly species and host.
If bacterial symbionts are important for the development of most 
Dacus larvae and if associations are as specific as suggested by the 
example of D.oleae then the possibility exists that these 
associations could limit the potential host range of a given species. 
This is possible if, for example, the chemical environment necessary 
for growth of the symbiont was found only in a certain range of 
fruits. Extension of the host range may require the development of 
new associations with other species of bacteria. Given that some 
bacteria may exclude others from an infested fruit (Brock. 1966) it is 
also possible that interactions between their associated bacteria may 
influence the outcome of interactions between larvae of different 
species of fly feeding in the same fruit. Therefore I have looked for 
specific bacterial associations in four species of Dacus; D.tryoni,
D.jarvisi, D .cacuminatus, D .neohumeralis. The major questions I have 
asked are:-
1. Do different species of Dacus have consistently different 
bacterial floras associated with them?
2. Are these bacteria associated with all stages of the life cycle?
3. Are they essential for larval growth and survival?
4. Are different bacteria associated with a given fly species in 
separate geographic regions or in different host fruits?
Table 3.2. ORIGIN OF MATERIAL FROM WHICH BACTERIA WERE ISOLATED.
(A) Life cycle stages of Dacus.
Fly Source Tissues used for
isolation
D.tryoni Lab.culture H, A, P, E
ex peach, Sydney H,A,P,E
ex loquat, Sydney larvae
ex guava, Cairns H,A
D.jarvisi Lab.culture H,A,P,E
ex guava, Cairns H, A, E
ex P.careya, Nth.Qld. H, A, P, E
D.neohumeralis Lab.culture H,A,P,E
ex guava, Cairns H, A
D .cacuminatus Lab.culture H, A, P, E
ex Solanum, Sydney H, A
ex Solanum, Cairns H, A
(B) Fruit
D.tryoni infested apples, peach, plum containing larvae
D.jarvisi infested apple and P.careya
D .cacuminatus infested Solanum
H, A - heads and abdomens of male or female flies, P- pupae, E- eggs
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The study was conducted in collaboration with Associate 
Professor R.W.O’Brien (Dept, of Biochemistry, University of Sydney). 
Assoc.Professor O'Brien conducted the purification of bacterial 
isolates, their identification and performed the enzyme assays. I 
collected the material, made the isolations of bacteria from 
laboratory and field material, analysed the relationships between 
bacteria and flies and designed, conducted and analysed the 
experiments.
3.2 Isolation and Identification of Bacteria.
3.21 Methods
Two techniques were used to isolate bacteria from Dacus:
1. Material (Dacus eggs, adults or pupae, Table 3.2) was homogenised
in 1ml. of sterile water and inoculated into nutrient broth (DIFCO).
Isolations were made from 20-30 eggs or 5 adults or pupae. The broth
owas incubated for 24 hrs. at 30 in a heated shaker bath. A loop of 
bacterial suspension was then streaked onto nutrient agar plates 
(DIFCO). Single colonies of each colony type (as determined by their 
appearance) were restreaked until the colonies were pure.
2. Material (eggs, pupae or adults) was homogenised in sterile water
for thirty seconds and spread directly onto nutrient agar plates.
oAfter a period of growth of 36-48 hrs at 30 , individual colonies 
from these master plates were restreaked onto DIFCO or TSA 
(Trypticase Soy Agar) plates until colonies of single species were 
pure.
Techniques 1 & 2, in most cases, revealed similar organisms but 
Technique 1 greatly favoured one organism in particular, Serratia 
liquefaciens, which multiplied rapidly in the liquid medium. Sampling 
a loop of suspension then often missed the rarer organisms and gave 
the impression that only S.liquefaciens was present. Therefore
Technique 1 was abandoned after the first series of isolations.
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All isolation procedures were conducted in a laminar flow 
cabinet using sterile utensils and glassware.
In the case of pupae and adults the specimens were first surface 
sterilised by a 5 min. immersion in 0.5% sodium hypochlorite 
solution. They were then rinsed twice in sterile distilled water 
before being homogenised. To confirm that the external sterilisation 
had been effective I routinely inoculated intact pupae and eggs, 
which had been surface-sterilised, directly into nutrient broth. No 
bacterial growth occurred. Similarly, sterilised heads and abdomens 
of adults when drawn across agar plates did not, in most cases, 
reveal any organisms adhering externally.
Eggs from which bacteria were to be isolated were collected in 
the laboratory. Female flies were induced to deposit egg3 through pin 
holes in a parafilm skin stretched over a sterilised petri dish. The 
dish contained a freshly sectioned slice of apple or other suitable 
host fruit. Eggs which touched the fruit were not used for 
isolations. Since females would not deposit eggs unless fruit was 
present it was not possible to collect eggs under completely sterile 
conditions. Furthermore, bacteria on the outside of the ovipositor 
could have contaminated the eggs.
After homogenisation and growth on nutrient agar plates, all 
distinguishable colony types were replated several times until single 
species colonies were obtained. Initially each isolate was tested for 
gram reaction and motility. All but two proved to be gram negative. 
Each isolate was then identified using the API 20E system. This is 
specifically designed for the identification of gram negative 
Enterobacteriaceae and other gram negative bacilli. It simultaneously 
conducts 23 chemical tests on each isolate which are determinative 
for identification and it incorporates a key for the identification 
of about 1000 microorganisms.
33
3.22 Results
A total of 159 isolates of bacteria were examined. Of these, all 
but fourteen were identified to genus or species by the API 20E 
system. Characteristic test responses are shown in Appendix 
Table 3.1. Of these fourteen, seven were probably mixed cultures, 
while five were not covered by the API 20E key. The remaining two 
organisms were gram positive and no identification was attempted.
The bacteria isolated from the various tissues of the four 
species of Dacus and from infested fruits containing their larvae are 
listed in Tables 3.3(a-d), 3.4 and 3.5. The number of isolates of 
each bacterium from each fly species in both the laboratory and 
field, are given in Table 3.6. Overall twenty species of bacteria 
were recorded, but several of these occurred only rarely. A greater 
diversity of microorganisms was found in association with D.jarvisi 
(15 species) and D.tryoni (14sp.) than in D.neohumeralis (9 sp. ) and 
D.cacuminatus (6 sp. ) (Table 3.7). These differences may be 
explained, in part, by the total number of isolates from each 
species; D.jarvisi with 55, D.tryoni with 60, D.neohumeralis with 20 
and D.cacuminatus with 24, and by the wider range of field habitats 
from which D.jarvisi and D.tryoni were drawn.
The similarity of the bacterial floras associated with each pair 
of Dacus species from different origins was quantified using a 
formula developed by Levin (1968), n
Proportional similarity, PS= ^p.¿«i i
where p^ equals the proportion of the less abundant species of fly 
of the ith pair of species along a spectrum of "n" species of 
bacteria. Bacteria are treated as levels of a resource set. This 
index avoids the problem of equal weighting for rare components of 
the fauna which would follow if comparisns were made only of the 
number of bacteria shared by pairs of species of Dacus. Clearly 
whenever p=0 for any level, this level contributes nothing to the 
value of proportional similarity (PS).
Table 3.7 compares the flora of each species of Dacus from the
Table 3.3. Species of Bacteria Isolated Prom Four Species of Dacus. 
Bacteria from each source are listed in their order of abundance.
(A) D .TRYONI
Collection Site Source of Isolate Bacterium
Lab.culture Egg Serratia liquefaciens
Pupa S.liquefaciens 
Pseudomonas fluorescens
Adult head Enterobacter cloacae 
Acinetobacter calcoaceticus 
Klebsiella pneumoniae 
Pseudomonas fluorescens 
Proteus vulgaris
Adult abdomen K .pneumoniae 
P .vulgaris 
S.marsescens
Wild Plies
(ex peach, Sydney) Pupa P .fluorescens + 1 unknown
Egg A .calcoaceticus 
mixed culture
Adult head P.vulgaris 
P .rettgeri
Aeromonas hydrophilia
Adult abdomen P .vulgaris
( ex guava,Cairns) Adult head Flavobacterium sp.
S.liquefaciens 
Pseudomonas maltophilia
Adult abdomen Flavobacterium sp. 
S .liquefaciens
(ex loquat, Syd.) Larval gut S.liquefaciens
(B) D.JARVTSI
Lab.culture Egg (broth) 
(direct)
S.liquefaciens 
Serratia rubidaea
Pupa (broth)
(direct )
S .liquefaciens
E.cloacae 
S.liquefaciens
E .aerogenes
Table 3.3 (cont )
Wild flies 
(ex guavas, 
Cairns,1981)
(ex P .careya 
Cairns '82)
(ex P .careya 
Cairns '82 
Site 2 )
Wild flies ( ex 
P.careya,
Atherton 1982)
( ex P .careya 
Rockhampton 1982)
(ex guava, 
Cairns,1982)
Adult head(broth) S.liquefaciens
E .coll
(direct ) S.liquefaciens
E .aerogenes
Adult abdomen(br) S.liquefaciens
E .coli
(direct ) E.aerogenes
E.coli
Egg S.liquefaciens 
Enterobacter agglomerane
Adult head S.liquefaciens 
E .cloacae
Adult abdomen
Egg
Pupa
Adult head
Pupa
Pupa
E .cloacae 
P .vulgaris
P.rettgeri
E.aerogenes
Providencia alcalifaciens 
P .vulgaris
E .aerogenes 
P .alcalifaciens 
P.vulgaris 
S♦liquefaciens
Flavobacterium sp.
S.liquefaciens 
E .cloacae 
P.rettgeri
E .aerogenes
Pseudomonas pneumo-tropica 
P.maltophilia
Pupa K .pneumoniae 
E .agglomerane
Adult head E.cloacae, Proteus sp.
Adult abdomen
Adult head 
Adult abdomen
A .calcoaceticus 
Proteus sp.
S.marcescens
P .rettgeri
P .rettgeri, + mixed culture
Table 3.3 (cont) (C) D.NEOHUMERALIS
Lab.culture Egg P .fluorescens 
P.vulgaris 
P.morganii
Pupa E.aerogenes
Adult head S.liquefaciens 
E. cloacae
Adult abdomen E.cloacae 
P.rettgeri 
S.liquefaciens 
P.vulgaris
Wild flies (ex 
guava,Cairns'82)
Adult head A.calcoaceticus + unknowns
Adult abdomen P .rettgeri 
P.maltophilia
(D). D.CACUMINATUS
Lab.culture Egg S.liquefaciens
Pupa P .fluorescens
Adult head S.liquefaciens 
Citrobacter freundii
Adult abdomen C.freundii
Wild flies (ex 
Solanum, Sydney)
Adult head P .maltophili a 
Alcaliqenes
Adult abdomen Alcaligenes 
mixed culture
(ex Solanum. 
C a i r n s  )
Adult head P.maltophilia 
P .fluorescens 
K .pneumoniae
Adult abdomen P.maltophilia 
K.pneumoniae
Table 3.4 Bacteria Isolated from Adult Male Plies
Ply species Source Material. Bacterium
D .tryoni ex peaches 
Sydney
Head A.calcoaceticus 
unknown
Abdomen A .calcoaceticus, Unknown
D.iarvisi ex P.careya 
Cairns
Head
Abdomen
mixed culture
mixed culture 
Proteus sp.
D .neo. Lab.culture Head S.liquefaciens 
Proteus sp.
Abdomen S.liquefaciens 
Proteus sp.
D .cacumin. ex Solanum 
Sydney
Head P .maltophilia 
unknown
Abdomen P .maltophilia 
Proteus sp + unknown
Table 3.5 Bacteria Isolated from Pruit Infested with Dacus Larvae.
Fly species Pruit sp Collection site Bacterium
D.tryoni Peach Castle Hill 
Sydney
K . pneumoniae 
E.cloacae
Peach Penrith, 
Sydney
S.liquefaciens 
P.rettgeri
Peach Wilton S .liquefaciens 
K .pneumoniae
Peach Sydney P .alcalifaciens
Loquat( a) Sydney S.liquefaciens 
E .agglomerans
Loquat(b) Sydney S.liquefaciens 
E .agglomerans
Apple Lab.inf. S.liquefaciens, E.coli
Plum Camden E .cloacae
D.jarvisi Apple Lab.inf E.cloacae
P .careya Cairns
Nth.Qld
S.liquefaciens 
E.aerogenes
D.cacumin. Solanurn Sydney S.liquefaciens 
unknown
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laboratory and from various field collections. There were several 
differences for each species. For example, laboratory D.neohumeralis 
shared only one organism (out of a total of 9) with wild 
D .neohumeralis (PS=0.077). Isolates from the other fly species from 
the laboratory and field were more similar. In D.cacuminatus, two 
organisms were common (PS=0.417) whilst for D .tryoni and D.jarvisi 
six and three organisms respectively, were common between field and 
laboratory flies (PS=0.411 for both species).
There was also a considerable amount of overlap between the 
floras of each pair of Dacus. For example, D.tryoni and D.jarvisi 
shared 12 species (Table 3.8, PS=0.603) and the floras of both were 
quite similar to that of D ♦neohumeralis. D ♦cacuminatus had both the 
smallest and most distinct flora. It is noticeable, however, that the 
similarities of bacterial floras differed between laboratory flies 
and field flies. Notably, and quite surprisingly, the floras of 
D.tryoni and D.jarvisi differed the most in the laboratory flies and 
were most similar in the field flies (Table 3.8).
Serratia liquefaciens was the most common organism in both 
laboratory and field flies and was the only bacterium isolated from 
all species of fly in the laboratory (Table 3.6). Pseudomonas 
maltophilia was the only bacterium common to all four species of fly 
collected in the field. Three microorganisms; Serratia rubidaea, 
Proteus morganii and Citrobacter freundii, occurred only in 
laboratory flies (Table 3.6) but all were rare (1,1 and 3 isolates, 
respectively). Seven microorganisms occurred only in flies collected 
in the field; Enterobacter agglomerans (isolated 4 times),
P.maltophilia (8), Pseudomonas pneumotropica (1), Aeromonas 
hydrophila (1), Flavobacterium sp.(4), Alcaligenes sp.(2), and 
Providencia alcalifaciens (3 ). P.maltophilia is a notable exception, 
however, in that it was recorded from all four species of Dacus 
collected in the field. It was a major component of the flora of 
D.cacuminatus and was recorded in wild female flies from Sydney and
Cairns as well as male flies (Tables 3.3 & 3.4).
Table 3.7 Comparisons of the Bacterial Flora Associated with 
each Fly Species from laJboratory and field sources.
Species of 
fly
LABORATORY 
NI N2
FIELD No 
NI N2 sp
.bacteria 
. shared PS
Total
species
D .tryoni 7 1 13 7 6 0.411 14
D.jarvisi 5 2 13 9 3 0.411 15
D .neo. 7 6 3 2 1 0.077 9
D .cacumin. 3 1 5 3 2 0.417 6
PS=* Proportional Similarity. Nl=No.sp .bacteria recorded from a fly
species, N2=No. bacteria exclusive to lab. or field.
Table 3.8 Comparisons of the number of species of Bacteria shared
by pairs of Dacus species.
A .Laboratory Isolates
Species of fly D. jarvisi D.neohumeralis D.cacuminatus
D .tryoni 2 (0.158 ) 4 (0.389) 2 (0.248)
D.jarvisi 3 (0.452) 1 (0.429)
D.neohumeralis 2 (0.385)
B.FieId Isolates
Species of fly D.jarvisi D.neohumeralis D.cacuminatus
D.tryoni 9 (0.606) 3 (0.229) 4 (0.339)
D.jarvisi 3 (0.176) 3 (0.205)
D.neohumeralis 1 (0.333)
C. All Isolates Combined
Species of fly D.jarvisi D.neohumeralis D. cacuminatus
D.tryoni 12 (0.603) 7 (0.622) 4 (0.439)
D.jarvisi 7 (0.613) 3 (0.285)
D.cacuminatus 3 (0.376)
No. in parentheses is the Proportional Similarity
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Notwithstanding the general similarities between floras isolated 
from each species of fly there was surprising variability within 
groups of isolates from the same source. For example, the isolates 
from the laboratory stocks were all taken, at the same time, from 
flies which had been reared in the same facility for several months. 
Were there no specificity in the relationship of flies and bacteria 
we might expect these laboratory flies to have very similar floras.
In fact there were some striking differences (Table 3.3 a-d). For 
example, D.cacuminatus alone carried C.freundii. 5.liquefaciens 
occurred on the eggs of D .tryoni, D.jarvisi and D .cacuminatus but was 
absent from those of D .neohumeralis. The eggs of the last species 
carried P .fluorescens and two Proteus species.
Another example of this type of variability can be seen among 
the isolates from wild adult D.tryoni, D.jarvisi and D.neohumeralis 
bred from guavas collected in Cairns (1982) (Table 3.3 a,b,c). These 
flies were bred from the same collection of fruit from a single tree 
and might well have developed in the same fruit. Even so the flora 
found in the heads and abdomens were quite distinct. Only D .tryoni 
had Flavobacterium, D.jarvi3i had only one organism, P♦rettgeri, and 
A .calcoaceticus occurred only in D .neohumeralis. Despite the fact 
that for all field isolates combined, D.tryoni and D.jarvisi had 
similar bacterial floras (PS= 0.606, Table 3.8), in this collection 
from a single source, PS was zero. These two examples do not suggest 
specific associations between the bacteria and flies, since the 
exclusive bacteria in these cases were recorded from other Dacus 
collected elsewhere. It seems that the relationship between fly and 
bacteria may be quite fortuitous. It is possible that should a second 
series of isolations be made the associations would be quite 
different.
When viewed overall there were some species of bacteria unique 
to each species of fly (Table 3.9). In general these exclusive 
species were rare components of the flora of each fly and they 
provide little support for the idea of close symbioses between fly 
and bacterium.
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S.liquefaciens was the most common organism in both laboratory 
and field flies (Table 3.6), representing 29.6% and 20.2% of the 
total isolates respectively. In addition it was found in all species 
in the laboratory and in the field, except for D .neohumeralis. These 
findings at first suggested that S.liquefaciens may be a common 
symbiont for all species and many of the experiments described later 
were designed to elucidate its possible role in larval nutrition. As 
I discuss later, however, this organism is almost certainly a 
facultative pathogen of flies, rather than a symbiont.
Table 3.9. Species of bacteria which were unique to each species
of Dacus.
Dacus sp. Unique
Bacteria
Total no. 
Isolates from 
this Dacus
No. of 
isolates of 
this bacteria.
%
D .tryoni Aeromonas
hydrophila
60 1 1.7
D.jarvisi Pseudomonas
pneumotropica
55 1 1.8
Serratia
rubidaea -
1 1.8
D.neohumeralis Proteus
morganii
20 1 5.0
D. cacuminatus Citrobacter
freundii
24 3 12.5
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3.3 Presence of bacteria on the surface of Dacus eggs.
Other studies have suggested that bacteria are smeared on to the 
surface of the egg by the female during oviposition (Buchner 1965). 
Petri (1904-1910) further suggested that the bacteria migrate through 
the micropyle and infect the embryonic gut of the larva. In this 
study, whenever freshly laid eggs of Dacus species were inoculated 
into nutrient media, bacterial growth occurred. Thus bacteria were at 
least present on the surface of eggs. Scanning electron microscopy of 
eggs of D.tryoni and D.jarvisi confirmed this (Plate 3.1). Pew 
bacteria were seen on freshly laid eggs but they were more abundant 
after 2-3 days incubation indicating that the organisms were growing 
on the eggs.
To establish whether bacteria may also be present within the egg
a sterilisation technique was used. Eggs which had been surface
sterilised and incubated whole in broth produced no bacterial growth,
indicating that the 0.5% sodium hypochlorite had removed all external
bacteria. Ten groups of 20 D.tryoni eggs, sterilised in this way,
were then rinsed several times in sterile water and homogenised to
release any organisms within the eggs. Homogenisation of the egg does
not disrupt the bacteria (O’Brien pers. comm.). The homogenates were
oinoculated into nutrient broth and incubated at 25 for 48 hrs. No 
bacterial growth was observed in any tube. Allen et al (1934) also 
failed to find bacteria in the eggs of Rhagoletis pomonella.
However, one objection to this technique is that some of the 
sterilising fluid may have entered the egg and killed the bacteria 
inside. To overcome this problem some eggs, were fixed, embedded in 
resin, sectioned and observed for bacteria with transmission EM.
(This procedure was conducted by Mr. R. Czolij, Dept of Biochemistry, 
University of Sydney). No bacteria were observed in these eggs.
To establish whether each egg is inoculated with bacteria single 
eggs from a single female were transferred onto nutrient agar plates. 
When eggs are laid into the oviposition receptacles described earlier 
they are often joined in strings hanging from the parafilm. In such 
cases the first egg laid in a batch is located at the bottom of the
PLATE 3.1. Scanning electron micrographs of rod-shaped bacteria on the 
surface of D.jarvisi eggs. Bacteria often appeared to be clustered in and 
around the micropyle (A), but also occurred on other parts of the egg. In 
C, some bacteria can be seen in the process of dividing.
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string and the last adjacent to the parafilm. By carefully separating 
these egg strings it was possible to plate batches of eggs in the 
order of laying. This allowed me to determine whether all eggs, or 
only one in the batch, had received bacteria. After transferring the 
eggs to agar plates I scored bacterial growth around each egg. Growth 
was accepted as evidence that the egg had bacteria on its surface. 
This test showed that bacteria were present on the surface of most 
eggs of both D.jarvisi and D.tryoni.
3.4 Growth and survival of larvae in the absence of bacteria.
Before attempting to explain the role of bacteria in the 
nutrition of larvae it is necessary to demonstrate that they are 
necessary or at least advantageous for larval growth and survival. 
Therefore, I examined the survival of aposymbiotic larvae in both 
fruit and artificial media.
3.41 Experiment 1: Methods
In the first experiment eggs of D.tryoni and D.jarvisi were 
surface sterilised using 0.5% sodium hypochlorite. Batches of eggs 
were then inoculated onto normal carrot medium (App. Table 3.1), 
containing yeast hydrolysate, or into whole bananas at a density of 1 
egg/gm. of medium or tissue. Batches of sterilised and control eggs 
held on moistened filter paper showed that sterilisation did not 
influence the hatch rate of either species (D .tryoni, sterile eggs- 
92.8% hatch, control-93.8%; D.jarvisi, sterile-88.4%, cont.-86.4%).
3.42 Results
Table 3.10 summarises the survival and growth of larvae in the 
two media. ANOVA showed a highly significant reduction in survival of 
larvae from the treated eggs in both carrot medium and banana 
(p<0.005; App.Table 3.2). In neither case was there a significant 
difference between species. Analysis of the weights of pupae which 
developed from the larvae in the artificial medium showed no 
treatment effect, but there was a significant difference between
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species of fly (p<0.001, App.Table 3.2). Pupae which developed on 
banana were not weighed. In this experiment larval survival was lower 
from eggs which had been sterilised, but those larvae which did 
survive developed into normal sized pupae. In similar treatments, 
incorporated into later experiments, survival of treated eggs on the 
yeast hydrolysate diet was similar to that in controls.
3.43 Experiment 2 : Methods
In the second experiment groups of 20 female D.tryoni and 20 
female D.jarvisi were fed on a diet containing the antibiotic 
Streptomycin, together with similar groups fed a control diet. The 
antibiotic diet consisted of; sucrose 8g, yeast hydrolysate 2g, 
distilled water 10ml, streptomycin 50mg (Hagen 1966). After feeding 
for one week the flies were allowed to deposit eggs directly into 
surface-sterilised bananas. Each cage was given access to ten bananas 
for 4 hours. Five of these were dissected to reveal the average 
number of eggs deposited by each group of flies and the remainder 
were held to allow larval development. Additional eggs were collected 
from each group and inoculated into nutrient broth to determine 
whether those females fed the antibiotic had produced sterile eggs.
3.44 Results
Females fed on the streptomycin diet laid as many eggs as those 
fed the control diet (App.Table 3.3), but D.jarvisi laid fewer eggs 
than D .tryoni (Fig.3.1, p<0.05). However, for D ♦tryoni 
significantly fewer larvae survived when the adults had received 
streptomycin (p<0.005, Fig.3.1, App.Table 3.3). Survival of 
D.jarvisi larvae from control females was extremely variable and no 
analysis was attempted. Since a similar number of eggs were deposited 
in each fruit, the reduction in larval survival may be due to the 
removal of bacteria from the medium. However, bacteria grew from the 
eggs of females from both groups when they were inoculated into 
nutrient broth. Thus all bacteria had not been eliminated from the 
experimental group of flies. Perhaps these bacteria were not 
susceptible to Streptomycin. In any case this technique is
Figure 3.1 The mean number of eggs laid and number of progeny 
produced by female D,tryoni and D„jarvi3i when fed a control 
diet (C) or a diet containing Streptomycin (S).
a) number of eggs laid per fruit.
b) number of pupae produced per fruit.
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unsatisfactory because any observed effect on larval survival could 
be due to a chronic deleterious effect of the antibiotic on the 
adult, rather than the death of the symbionts. For example, 
Tsiropoulos (1981) showed that antibiotics fed to adult R.completa 
significantly reduced their survival, fecundity and fertility.
Both of these experiments indicate a reduction in larval 
survival in fruit following the removal of bacteria. However, the 
reduced survival in artificial medium seen in Experiment 1 was not 
repeated in later experiments.
3.5 Experimental studies of the role of bacteria in larval nutrition.
Bacteria may be involved in the nutrition of both adult and 
larval stages of the life cycle of Pacus species. In the experiments 
discussed here I have concentrated on the nutrition of larvae. The 
experiments should be regarded as preliminary and many aspects of the 
interaction of bacteria and larvae warrant closer examination.
3.51 Enzyme production by bacteria.
I first discuss the possible role of microorganisms in providing 
enzyme systems which may be absent in the larvae (Buchner 1965).
3.511 Methods; Enzyme assay.
Thirty 3rd instar larvae were homogenised in 2 ml of 
imidazole/HCL buffer (30mM, pH 6.5). The homogenate was centrifuged 
at maximum speed with a bench centrifuge for five minutes and enzyme 
activity in the supernatant fraction estimated. Three enzymes were 
tested; cellulase, protease and amylase by using as substrates, 
cellulose azure, hide powder azure, and amylopectin azure 
respectively. Twenty milligrams of each substrate was mixed with 1ml 
of imidazole-HCL buffer and preheated to 30°. To each tube was 
added 0.1 ml of the larval extract. Reaction tubes were thoroughly 
mixed and incubated for 15 min at 30°, with mixing every 2 min. The 
reaction was stopped by the addition of 0.2 ml of 30% trichloracetic
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acid. Tubes were then centifuged on a bench centrifuge and the 
absorbance of the supernatant fraction was measured at 620 ran.
Bacterial protease activity was measured by using the following 
reaction mixture; 50 mM imidazole/HCL buffer pH 6.5 - 2.65 ml.,
0.1 M MgS04 - 0.30 ml., hide powder azure (Calbiochem) - 20.00 mg., 
bacterial culture supernatant - 0.05 ml.
oThe mixture was incubated for 15 mins at 30 , and the reaction 
stopped by the addition of 0.4 ml of 1M HCL. After centrifugation the 
absorbance of the supernatant fraction was read at 595 ran.
3.512 Results.
Larval preparations of both D.tryoni and D.jarvisi were free of 
protease and cellulase activity but both species showed amylase 
activity, the absorbance being 0.388 for D .tryoni and 0.308 for 
D.jarvisi. The absence of significant protease activity has been 
independently confirmed by assays performed by Dr.H.A.Rose (Dept, of 
Agricultural Entomology, University of Sydney).
One of the tests in the API 20E system (ie the Gelatine test) 
indicates whether bacteria are capable of producing protease. (Table 
3.16, Discussion). Of the two most common bacteria isolated from the 
species of Dacus, S .liquefaciens was indicated as a protease 
producer, whereas E.cloacae was not. Extracellular protease activity 
of these organisms was determined by growing them in a nutritive 
broth and measuring the protease activity in the culture filtrate 
(Table 3.11). S.liquefaciens released large quantities of 
extracellular proteases whereas E.cloacae, as expected, released 
none. Since bacterial proteinases are generally exoenzymes (whereas 
peptidases are usually endoenzymes) this assay gives a reliable 
indication of the ability of these bacteria to provide proteins or 
peptides for larval development by hydrolysing protein in their diet. 
In view of the observation that larvae lacked a protease activity and 
some of the associated bacteria produce extracellular proteases, most 
of the later experiments concentrated on this aspect of the
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interaction between larvae and bacteria.
Table 3.11. Protease Activity in Supernatants from cultures of Two
Species of Bacteria.
Organism Source of 
bacterium
Absorbance 
at 595 nm
Activity units */ml. 
culture supernatant
S.liquefaciens cacumin. eggs 0.706 14.1
tryoni eggs 0.736 14.7
neo. heads 0.866 17.3
jarvisi eggs 0.632 12.6
E .cloacae jarvisi heads 0 . 0 0 0 0 . 0
jarvisi heads 0 . 0 0 0 0 . 0
neo. heads 0 . 0 0 0 0 . 0
* A unit of activity can be defined as the amount of enzyme required 
to produce an A595 of 0.1 in 15 mins.
3.52 Larval survival in media containing hydrolysed and
unhydrolysed protein.
On the basis of the above assays two experiments were conducted 
to test the hypothesis that larval growth in a medium containing only 
unhydrolysed protein would be dependent on the presence of 
microorganisms. Firstly, I tested survival of the larvae on 
artificial diets containing either casein (unhydrolysed) or yeast 
hydrolysate as the protein source. Later the experiment was repeated 
using casein and casein hydrolysate.
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3.521 Experiment 1: Methods
Diets were based on the carrot medium used for culturing (App. 
Table 2.1). In the first trial the two media contained yeast 
hydrolysate or casein. Addition of HCL gave the medium a pH of 4.5. 
Ten replicates (30 g ) of each diet were placed in sterile containers 
over a bed of sand in autoclaved 1/2 pint bottles. In some cases it 
was necessary to add sterile water to the food after autoclaving to 
replace lost moisture. The entire experiment was conducted with both 
D.tryoni and D.jarvisi. Each replicate received 20 eggs. In five of 
the replicates the eggs had been surface sterilised and in the other 
five they were untreated. The design was an orthogonal three factor 
analysis with species of fly, diets and egg condition (sterile or 
control) as the three fixed factors. For each replicate I recorded 
the number of pupae produced and weighed up to five pupae.
3.522 Results
Larval survival and pupal weight in each combination of species, 
diet and egg type (sterilised or control) are shown in Table 3.12.
For both species, survival to the pupal stage in the casein medium 
was significantly poorer than in the yeast hydrolysate medium 
(p<0.005, App. Table 3.4), irrespective of the presence of bacteria 
(no A x B interaction). Survival of larvae from sterilised eggs was 
also less than that in controls on both diets (p<0.05). Since no 
pupae were produced from sterilised D.jarvisi eggs in casein medium 
the values for mean pupal weight were analysed separately for each 
species. In both species the few pupae formed on the casein medium 
were significantly smaller than from the yeast hydrolysate diet 
(p<0.005, App.Table 3.4). In the light of later findings it was 
possible to interpret these results in terms of the effect of acid pH 
on the growth of the bacteria. Because both media were acid the 
bacteria apparently did not proliferate and larvae grew poorly on the 
casein medium. This experiment did, however, indicate that survival 
and growth when hydrolysed protein was available was not dependent on 
the presence of bacteria.
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3.523 Experiment 2 :Methods
At the time of the first experiment I did not realise that few 
bacteria would grow at acid pH (see later discussion) and therefore, 
in the second trial HCL was not added to the medium. The two media 
contained casein and casein hydrolysate. Survival was assessed by 
counting the number of larvae that were alive after 10 days, rather 
than the number of pupae. Pive larvae from each replicate were 
weighed to assess growth over the course of the experiment.
3.524 Results
Interpretation of the results of the second trial (Table 3.13) 
is more difficult. If bacteria do assist larval growth then the 
expectation was that growth and survival would be normal in all 
treatments except where sterile eggs were placed on the medium 
containing casein. Overall D.tryoni larvae survived significantly 
better than D.jarvisi (p<0.005, App. Table 3.5), but there was no 
significant effect of diet on survival of either species. However, 
larvae from sterilised eggs did not grow normally on either medium 
(p< 0.005). This difference between the two experiments may arise 
because casein hydrolysate lacks many of the chemicals present in 
yeast hydrolysate. The latter provides, in addition to amino acids, 
many B group vitamins essential for insect growth. Normal growth and 
survival of control eggs on casein media suggest that bacteria may 
have provided these essential vitamins.
Overall these two experiments could not be interpreted in terms 
of bacteria assisting with protein hydrolysis since in the first 
trial diets were acid and the microorganisms apparently did not grow 
and in the second other nutritional factors complicate the 
interpretation of results. In later experiments to examine the 
protein hydrolysis hypothesis a small quantity of yeast hydrolysate 
was added to each diet to provide B group vitamins. The quantity 
added was not sufficient to allow complete developemnt of larvae.
Table 3.12 Survival and Mean Pupal weights of Larval Dacus on Two 
Diets in the Presence or absence of Bacteria.
Species of Diet Sterilised eggs Control eggs
fly % surv. Pupal wt. % surv. Pupal wt.
Casein 27.0 10.6 35.0 9.6
D .tryoni (13.0) (0.2) (13.2) (0.1)
Yeast 74.0 16.2 88.0 15.5
Hydrolysate (5.1) (0.2) (3.4) (0.2)
Casein 0.0 0.0 28.0 10.4
(-) (") (3.4) (0.3)
D.jarvisi
Yeast 71.0 17.5 77.0 16.7
Hydrolysate (6.2) (0.3) (5.8) (0.3)
Values in parentheses are S.E. of the mean.
Table 3.13 Mean larval survival and weight (mg) 
in casein or casein hydrolysate 
(means & S.E.are shown)
Sterilised eggs
after 8 
diets.
Control
days growth 
eggs
Species of fly Diet No.larvae Mean wt. No.larvae Mean wt.
Casein 23.6 * 5.5 23.2 14.8
(0.5) (0.3) (0.4) (0.2)
D .tryoni
Casein 20.0 4.6 24.0 14.4
Hydrolysate (1.8) (0.2) (0.5) (0.2)
Casein 16.0 8.2 22.4 17.7
D.jarvisi
(0.7) (0.7) (1.0) (0.4)
Casein 15.2 3.0 20.8 16.3
Hydrolysate (2.4) (0.2) (0.5) (0.7)
* Survival of larvae from 25 eggs/ replicate.
45
3.53 pH and redox potential of the larval gut.
Bacteria may perform some function for larvae within the 
alimentary canal, as suggested by Hagen (1966). Therefore I measured 
the pH and redox state of the gut to determine whether conditions 
were suitable for the survival of bacteria. Four species of Dacus 
were examined; D.tryoni, D.jarvisi, D.cacuminatus and D .neohumeralis.
3.531 Methods
Gut pH was determined by feeding batches of larvae on artificial 
media containing pH indicators (Waterhouse and Day 1953). Groups of 
third instar larvae were allowed to feed on the chemicals for 30 
minutes. Preliminary dissections showed the transmission of dyes 
through the entire gut in this time. The alimentary canal of several 
larvae were removed intact in insect saline (0.9%). The colour of 
each section was then recorded. It was difficult to remove the 
foregut without damage. General gut content colour could also be 
observed directly through the translucent body wall. Since pH of the 
midgut and hindgut is not influenced by food type (Waterhouse and Day 
1953) this technique gives a reliable indication of gut conditions. 
Indicator chemicals covered the following range of pH;
Indicator Usual Colour Changes to pH range
Thymol Blue Blue red/yellow 1.2-2.8
Bromphenol blue Blue yellow 3.0-4.6
Bromcresol green Green yellow 3.8-5.4
Chlorphenol red Red yellow 4.8-6.4
Bromthymol blue Blue yellow 6.0-7.6
The redox state of the gut was examined qualitatively using the 
dye Nile blue, which is bright blue in the presence of oxygen and 
colourless in the absence of oxygen (O'Brien pers. comm.).
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3.532 Results
Table 3.14 summarises the pH of each section of the larval gut 
based on dissections of ten larvae for each species. In each case the 
most striking feature is a markedly acid central region in the 
midgut. Each end of the midgut and the hindgut was approximately 
neutral. There were no obvious morphological features separating the 
three midgut sections. Feeding with Nile Blue showed all regions of 
the gut to be aerobic since the gut remained blue throughout its 
length. Waterhouse and Day (1953) found a similar acid section in the 
midgut of Lucilia cuprina (pH 3.3-3.6) which they suggested may be 
involved in the absorption of inorganic ions (iron and copper). From 
these observations with Dacus larvae it seems that bacteria are 
unlikely to grow in the acid section, but may survive passage through 
this section, and could possibly grow in the fore and hind gut.
3.54 Changes in Amino Acid Content Of Larval Food Caused By
Bacterial Decompostion.
One means by which bacteria may assist the growth of dacine 
larvae is by the synthesis of vitamins or amino acids which may be 
deficient in fruits (Mallory Boush & Matsumura 1967, Hansen 1970, 
Burroughs 1970). To briefly examine this possibility we analysed the 
amino acid composition of uninfested peaches and peaches infested 
with Dacus larvae. Fruits were infested in the laboratory and 
development of larvae allowed for five days. Three 30 g samples of 
the partially-liquefied tissue were then collected. Similar samples 
were taken from uninfested fruits from the same batch of fruit, which 
had been stored with the infested fruits. Each sample was homogenised 
with 1.0 ml. of 0.2 M citrate buffer (pH 2.2) and its amino acid 
composition analysed on a Jeol <TLC 6AH amino acid analyser in the 
Dept, of Biochemistry, University of Sydney. (Analyses performed by 
Mr. L. Higgenbottom, Dept, of Biochemistry). The results are listed 
in Table 3.15. There was no significant increase in the concentration 
of any amino acid in the infested tissue. Thus this preliminary 
examination does not suggest that the rare AA's, arginine, threonine 
or cystein (in the case of peaches) were synthesised in detectable
Table 3>14, Acidity (pH) of the alimentary canal of third instar
larvae of five Dacus species.
Gut Section
Dacus species Section of 
Fore Mid
Midgut
Hind
Hindgut
D .tryoni 5.7-6.2 1.4 5.7-7.0 5.7-6.2
D.jarvisi 5.7-6.2 1.4 7.8 6.2-7.4
D.cucumis 5.7-7.4 2.0 7.4 5.7-7.4
D.neohumeralis 5.7-6.2 2.0 5.7-7.4 5.7-7.4
D .cacuminatus 5.7-7.4 2.0 7.4 5.7-6.2
Table 3.15 Amino acid concentrations from samples of infested and 
uninfested peach fruit, (infested with D.tryoni larvae)
(each value is the mean of three replicate samples)
Mean Concentration (nmol/ml.)
Amino Acid Uninfested Infested Diff.
Lysine 8.22 9.18 +0.96
Histidine 15.78 6.78 -9.00
Arginine 0.00 0.00 -
Aspartic acid 118.81 70.20 -48.68
Threonine 0.00 0.00 -
Serine 2183.40 700.20 2113.20
Glutamine 68.40 39.00 -29.40
Proline 14.22 1.38 -12.84
Glycine 14.40 14.58 +0.18
Alanine 165.18 99.60 -65.58
Cysteine 0.00 0.00 -
Valine 17.82 11.22 -6.60
Methionine 9.42 9.78 +0.36
Isoleucine 11.58 0.00 -11.58
Leucine 10.20 4.80 -5.40
Tyrosine 7.38 0.00 -7.38
Phenylalanine 3.61 0.00 -3.61
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amounts by bacteria.
3.55 The Influence of Particular Bacteria On Larval Development
In An Artificial Medium.
Earlier experiments had suggested that under some conditions the 
growth and survival of larvae was reduced in the complete absence of 
bacteria. Bacteria isolated in this study vary in the release of 
proteolytic enzymes. S.liquefaciens and P.vulgaris are strongly 
proteolytic, whereas E .cloacae and E .aerogenes are not. In view of 
the absence of significant protease activity in the gut of Dacus 
larvae an experiment was conducted to determine whether the ability 
of larvae to utilise dietary protein may be dependent on the presence 
of particular proteolytic bacteria.
3.551 Methods
The larval medium consisted of ground dehydrated carrot (67.5 
g), casein (22.5g) and water (472.5 ml). A small quantity of yeast 
hydrolysate was added to provide essential vitamins (0.7 mg./ml). No 
acid was added so the pH should have been about neutral. All food was 
autoclaved prior to use.
For the first trial pure cultures of S.liquefaciens and 
E.cloacae were grown in a fully defined medium with citrate as the 
carbon source. Inoculates from these cultures were added to each 
replicate at the rate of 0.2 ml/20 g medium. There were three diets; 
sterile casein + Serratia, sterile casein + Enterobacter and sterile 
casein alone. Twenty eggs, surface sterilised or control, were added 
to each 20 g replicate. The experiment was conducted with both 
D .tryoni and D.jarvisi eggs. After 10 days I scored larval survival 
and weighed five larvae in each replicate.
To check that the proteolytic bacteria had released enzymes into 
the carrot medium, samples from each medium were analysed for 
protease activity (by Ms L.Tittel, Dept, of Biochemistry) 3 days and 
8 days after inoculation.
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3.522 Results
Soon after this experiment had been established Assoc. Prof 
O'Brien found that the strain of S.liquefaciens used did not produce 
protease when grown on a citrate medium. Assays of other strains 
confirmed this effect. However, all strains were proteolytic when 
grown on glucose media. Assays for protease activity in the carrot 
medium also confirmed this inhibition of the S.liquefaciens protease. 
No measurable activity was found in any sample.
Mean survival of larvae in each treatment is shown in Pigure 
3.2a. It is clear that the type of diet had a marked effect on 
survival (App. Table 3.6). In media seeded with Serratia, no larvae 
survived whereas larvae survived well in the presence of 
Enterobacter. The presence of black putrefying corpses of second 
instar larvae in the Serratia media indicated that death occurred 
after hatching. Furthermore, the surface of this medium was covered 
by a white film which was absent from the other diets.
Analysis of the weights of larvae (Figure 3.2b, App.Table 3.7) 
which had survived in the control (sterile) and + Enterobacter diets 
indicates a beneficial influence of E.cloacae on larval growth. In 
the complete absence of bacteria (sterilised eggs on sterile medium) 
larvae of both species survived, but achieved a mean weight of only 
about 3 mg after 10 days. However, when only Enterobacter was present 
(S eggs on + Enterobacter) growth was similar to that in controls (C 
eggs on sterile and + Enterobacter media). This influence of 
Enterobacter on growth of larvae from sterile eggs explains the 
highly significant interaction of diet type and egg treatment 
(p<0.005) seen in the ANOVA (App.Table 3.7). There was also a 
significant difference between the species of fly (p<0.005).
D.jarvisi larvae generally weighed more than D .tryoni larvae.
On the basis of this experiment it appeared that Serratia may be 
pathogenic to larvae, whereas E.cloacae was beneficial. The white 
film of bacterial growth over the media containing Serratia suggested
that at this neutral pH Serratia may grow prolifically. Since most
Figure 3.2. The mean survival and pupal weight of D.tryoni 
and D.jarvisi larvae which developed in artificial diets 
which were sterile (Control) or were inoculated with Serratia 
liquefaciens (Serratia) or Enterobacter cloacae (Entero).
Eggs placed on each type of medium were either surface 
sterilised ( S ) or left untreated (C ). Letters above 
histograms show significant differences between diets for 
each species of Dacus.
FIGURE 3*2
Control Serratia Entero. Control Entero.
TYPE OF DIET
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fruits are acid (Hulme 1970) and since protease production, in this 
experiment, had been inadvertently inhibited I repeated the 
experiment using two pH levels; 7.0. and 4.5.
3.553 Methods
Two diets were used, both with casein as the protein source.
Diet 1 was identical to that used in the previous experiment, diet 2 
contained 6.0 ml concentrated HCL(per 945 ml. water) to give a pH of 
4.5. Essentially the experimental design was the same except that 
only one species of fly, D.jarvisi, was used. Three orthogonal fixed 
factors were incorporated: pH (2 levels), diets (3 levels) and egg 
condition (2 levels). As before samples of each diet were analysed 
for protease activity. S.liquefaciens and E.cloacae cultures used to 
inoculate the larval diets were grown on glucose media.
3.554 Results
Protease activity was high in the medium containing Serratia at 
pH 7.0 but was absent in the medium containing Enterobacter. No 
activity was detected in either medium at pH 4.5 suggesting that 
neither bacterium had proliferated at the acid pH.
Figure 3.3 summarises the survival and growth of D.jarvisi 
larvae in each diet. The analysis (App.Table 3.8) showed a highly 
significant interaction between diet type and pH (p<0.005) due mainly 
to the differential effect of S.liquefaciens at each pH. As before, 
at the neutral pH, larvae did not survive in the presence of 
Serratia but survived and grew well with Enterobacter present. At the 
acid pH, results were quite different. Survival was generally lower 
than at pH 7.0, but Serratia did not cause high mortality. 
Sterilisation of the eggs did not effect survival at either pH.
Analysis of the weight of larvae from the diet containing 
Enterobacter and the control diet (Fig.3.3) showed a highly 
significant third order interaction (p<0.005) between diet type, egg 
treatment and pH. At pH 7.0, the results were similar to those found
Figure 3.3. Percentage survival and pupal weight of 
D.jarvisi larvae which developed in artificial diets at two 
levels of pH (4.5 & 7.0) when the medimn was sterile 
(control) or inoculated with Serratia liquefaciens (Serratia) 
or Enterobacter cloacae (Entero). Letters above the 
histograms indicate significant differences between diets at 
each pB.
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in the earlier experiment; in the absence of bacteria little growth 
occurred whereas with Enterobacter present, growth seemed normal. At 
pH 4.5, although many larvae had survived to 10 days, they had not 
grown normally, even in the presence of Enterobacter. This influence 
of pH on growth of larvae is probably confounded by the apparent 
effect of pH on growth of the bacteria. It is quite possible that the 
small amount of growth in the absence of bacteria and at the acid pH 
was sustained by the small amount of yeast hydrolysate added to 
provide vitamins. The lack of growth of larvae from control eggs and 
of larvae in the presence of Enterobacter at pH 4.5, and the 
nonpathogenicity of Serratia in the acid medium, strongly suggest 
that growth of bacteria is inhibited at this pH. That Serratia wa3 
pathogenic only at pH 7.0 suggests that its rapid growth may increase 
the chance of entry into the body cavity of larvae, where it may 
cause septicemia (see Discussion). Alternatively, it may be that 
Serratia releases toxic waste products when in an active growth phase 
which are detrimental to larvae.
The way in which E.cloacae assists larval growth is not known.
E .cloacae does not produce extracellular proteases but it may produce 
some other metabolic byproduct useful to the larvae. Alternatively 
larvae may be able to ingest and digest these bacteria. These two 
possiblities could be distinguished by inoculating artificial diets 
with either living or heat-killed Enterobacter.
3.6 Discussion
3.61 Microorganisms associated with species of Dacus.
Symbiotic associations of specific bacteria with Tephritid fruit 
flies have been claimed by a number of authors (Petri 1910; Stammer 
1929; Allen & Riker 1932; Hellmuth 1956; Buchner 1965; Hagen 1966; 
Miyazaki et al 1968). However, recent studies have brought some of 
these associations into question. For example, Yamvrias et al (1970) 
isolated sixteen species of bacteria from several field populations 
of D.oleae. Most were gram negative species of Pseudomonas and
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Enterobacteriaceae, but Pseudomonas savastanoi was not found. They 
expressed considerable doubt about the original identifications of 
Petri (1910) and Hellmuth (1956) and of the work of Hagen (1966). The 
organism(s) associated with D.oleae are now believed to be distinct 
from that which causes bacterial blight of olive trees (Yamvrias et 
al 1970, B.S.Fletcher pers.comm), but there is little evidence of a 
specific bacterial association. Similarly, Bush & Howard (pers. 
comm.) were unable to find Pseudomonas melophthora in association 
with R .pomonella,but regularly isolated a Klebsiella sp. from this 
fly. In this study four species of Dacus were examined, but in none 
was there any apparent obligatory relationship between a specific 
bacterium and the insect which may effectively limit the host range 
of any species of fly. It does not follow from this that bacteria are 
of no importance in the ecology of larvae or adult flies. It may be 
that any of a number of bacteria, which possess suitable 
characteristics, can fulfil the role(s) required of them by the 
flies. So, while it seems unlikely that highly specific symbioses are 
involved it is possible that a fortuitous association does exist 
between flies and a diverse flora of decomposer organisms found in 
their environment.
All of the microorganisms found on the surface of eggs, and in 
adults and pupae of the four species of Dacus, are common inhabitants 
of soil and water and of decomposing organic matter. Their presence 
in decomposing fruits may be purely accidental. Species of Serratia 
and many Pseudomonads exist as epiphytes on the surface of many 
plants and fruits (Grimont & Grimont 1978) and they may gain entry to 
intact fruits only via oviposition punctures made by the flies.
Unlike most fungi, plant pathogenic bacteria are incapable of active 
penetration through the protective surfaces of the host (Crosse 
1966). Since many bacteria were found within the flies and several 
occurred on the surface of eggs it seems reasonable to assume that 
bacteria are inoculated into fruit by the ovipositing female.
However, fruit flies are also capable of spreading plant pathogens. 
Newell & Haramoto (1968) found that the mucor rot fungus (& other 
fungi) caused high mortality of D.dorsalis larvae in guavas by
rapidly liquefying the fruit tissue. Ito et al (1979) have since
52
shown that female D.dorsalis can transmit the mucor fungus to the 
fruit on their ovipositor. Similarly adult Anastrepha picklei spread 
the cassava pathogen, Erwinia carotovorum, which occurs as an 
epiphyte on cassava plants (Lozano & Belloti 1978).
Despite the lack of any apparent obligatory relationship of 
fruit flies with microorganisms they did seem to be necessary for the 
normal development of the larvae of D.tryoni and D.jarvisi. Most 
attempts to define complete diets for Tephritids have indicated that 
bacteria must play some role in the nutrition of larvae (Bateman 
pers. comm., Hagen & Tassan 1972) and adults (Tsiropoulos 1980 a,b 
1981). One organism, E.cloacae, was able to support normal growth of 
D .tryoni and D.jarvisi larvae on casein media. It should be noted, 
however, that E .cloacae was chosen for this experiment only because 
it represented the GEL +ve group of bacteria isolated from the 
species of Dacus. Most of the other organisms were not tested 
specifically for their ability to support larval growth; however, I 
outline below some of their specific attributes in an attempt to 
explain their possible roles in larval nutrition.
3.62 Characteristics of the Major Bacteria Isolated from Four
Species of Dacus
The twenty species of bacteria identified in this study share 
many characteristics. Apart from the three Pseudomonads and 
Aeromonas sp.(fam. Pseudomonadaceae), the majority of species (13/20) 
and the majority of isolates (106/159) are members of the 
Enterobacteriaceae. These species are all closely related and 
morphologically similar, though the taxonomy of the group is confused 
(Bergeys Manual 1975). They are short, motile (apart from Klebsiella 
and Acinetobacter), gram negative rods. Furthermore, all are 
facultatively or strictly (in the case of Pseudomonads ) aerobic which 
is consistent with them being found in the aerobic gut of Dacus 
larvae. There are differences, however, in colony characteristics and 
chemical attributes.
Table 3.16 summarises some of the attributes of the eight most
53
commom isolates in this study. Together these eight represent 71% of 
the identified isolates. All these species are Citrate +ve (as are 9 
of the remaining 12). Only 3 species axe Citrate -ve ; Proteus 
morganii, Flavobacterium sp. and E .coll. This test indicates the 
ability of the organism to utilise citrate as the sole carbon source 
for growth, an ability which may be important for organisms to grow 
in fruits. Enterobacteriaceae characteristically degrade hexose and 
pentose sugars by formic fermentation (Thimann 1963). Breakdown 
products from this process are carbon dioxide, hydrogen, formic acid 
acetic acid, ethanol, lactic acid and 3uccinic acid. Pseudomonads, in 
contrast to the Enterbacteriaceae, axe generally oxidative rather 
than fermentative and degrade sugars and sugar alcohols by oxidation 
to acids (such as gluconic acid) (Thimann 1963). The conditions 
created in a decomposing fruit by the release of these chemicals may 
be important in the survival and development of larvae and may 
mediate the oviposition behaviour of females (see later).
Several of the microorganisms release extracellular proteolytic 
enzymes as indicated by the GEL test (Table 3.16, App. Table 3.1).
The two most common isolates, 5.liquefaciens and P.vulgaris as well 
as S.marcescens, S .rubidaea, A .hydrophilia, Flavobacterium sp and the 
Pseudomonads are proteolytic (Amrute & Corpe 1978). Release of these 
enzymes occurs during vigorous growth and may be inhibited under 
certain conditions. For example, the proteinase of Proteus vulgaris 
is completely inhibited by the presence of 1.5% glucose in the medium 
(Kendall 1923 reported by Thimann 1963). In this study, Assoc.Prof. 
O’Brien found that the proteinase is not secreted when 
S .liquefaciens is grown in citrate medium but is released profusely 
when the organism is grown on a glucose medium. Braun and Schmitz 
(1980 ) report that the proteinase of S.marcescens is inhibited on 
tryptone-yeast media and by the presence of leucine and casein. Eddy 
(1963) comments that some bacteria fail to produce proteinases in the 
presence of carbohydrates from which they are able to produce large 
quantities of acid. Clearly interactions of this type make 
generalisations about the ability of organisms to assist in the 
development of Dacus larvae in carbohydrate-rich fruits extremely
difficult. For example, Pfaff & Miller (1961) found that
Table 3.16 Some Chemical Attributes of the Most Common Species of 
Bacteria Isolated from Four Species of Dacus.
Bacterium Growth on Metaholism 
Citrate of glucose
Release of 
exoenzymes 
Prot. Pect.
B
Production of 
group vitamins 
(see text)
S.liquefaciens + F + -
P.vulgaris + F t t
E.cloacae + F - +
E .aerogenes + F -
K.pneumoniae + F - -
Pseudomonas 
fluorescens
+ 0 v -  v -
P.maltophilia + 0 + ? -
A .calco t F - -
F - fermentative metabolism with the production of acid
0 - oxidative metabolism with the production of 
Prot.- Proteinases. Pect. -Pectinases.
acid.
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5.marcescens was carried to figs by a fig wasp, but did not 
proliferate in the carbohydrate-rich tissues and no fermentation 
occurred. Detailed studies of the growth and metabolism of the 
microorganisms associated with Dacus when growing in situ are 
necessary to predict the conditions which may be created by bacterial 
decomposition of fruit tissues.
Bacteria generally grow best at neutral pH and have a pH range 
of 4-9. In contrast many yeasts and fungi, which are more typically 
associated with fruit spoilage (Jay 1970, Goepfert 1980), grow well 
at pH 2.0. Acid fruits are usually attacked by fungi whereas fruits 
with a pH of 6.5 are spoiled by bacteria, notably the soft rot 
Erwinia and Pseudomonas species (Rombouts & Pilnik 1980). Table 3.17 
lists the minumum, maximum and optimum pH for growth of some of the 
organisms found in Dacus. Jay (1970) comments that "when the pH of 
fruits alone is considered, it is found to be below the level that 
generally favours bacterial growth. This one fact would seem to be 
sufficient to explain the general absence of bacteria in the 
incipient spoilage of fruit" (p.64). This influence of pH on 
bacterial growth may be further enhanced by the bacteria themselves 
in that the acid fermentation products produced from simple 
carbohydrates will tend to reduce the pH further. In view of these 
comments an important role for bacteria in the decomposition of 
fruits infested by fruit flies would seem doubtful. Nevertheless 
Allen and Riker (1932) found P.melophthora capable of decomposing 
apples with a pH of 3.8-4.0 and showed that incubation of this 
organism on glucose or sucrose reduced the culture pH to 3.8-4.4.
Bacteria have often been implicated as a source of growth 
factors (vitamins and amino acids) necessary for insect development 
(Buchner 1965). Enterobacteriaceae, in particular, synthesise B group 
vitamins which may be lacking in fruits (Mapson 1970) and are 
important for the nutrition of many insects (House 1974), including 
species of Dacus (Hagen & Tassan 1972; Tsiropoulos 1980a,b). Thus it 
may be significant that P.vulgaris and E .aerogenes produce biotin, 
riboflavin and thiamine and E ♦aerogenes also produces significant
quantities of nicotinic acid (Thimann 1963). Pseudomonas fluorescens
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may also produce quantities of riboflavin (Goodwin 1963).
Table 3.17 The range and optimum pH for the growth of bacteria
( from Thimann 1963)
Bacterium Min. Max. Optimum
E.coli 4.3 9.5 6.0-7.0
Enterobacter aerogenes 4.4 9.0 6.0
Erwinia carotovorum 4.6 9.3 -
Proteus vulgaris 4.4 9.2 6.5
Serratia marcescens 4.6 8.0 6.0-7.0
Pseudomonas spp. * 6.0 8.5 mCD1o
* from Bergey's Manual (1975)
Bacteria may assist development of larvae simply by macerating 
the fruit tissue. Pectins are primarily responsible for the integrity 
and structure of most plant tissues (Rombouts & Pilnik 1980). 
Therefore the ability to degrade pectin may be necessary for larval 
feeding to occur. Many Enterobacteriaceae are able to hydrolyse 
pectin (Rombouts & Pilnik 1980). These include Erwinia carotovorum 
and are classed as soft rot organsims. They cause lesions, wilts anei 
soft rot in many plant tissues, similar to that seen in fruits 
infested with Dacus larvae and reported by Alien et al (1934) in 
apples. In spite of these observations the potential role for 
bacterial pectinases may be limited; since ripening fruits produce 
their own pectic enzymes as a normal stage in development (Rombouts & 
Pilnik 1980). Bateman & Millar (1966) note that the activity of 
endogenous fruit pectinases can be markedly increased by infection of 
a pathogen. Many fruits and vegetables also respond to fungal and 
bacterial infection by increased production of ethylene (Lund 1973). 
Similar effects may follow the entry of Dacus eggs, contaminated with 
bacteria, into a fruit.
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It is clear from the above discussion that the biochemical 
changes which may follow the invasion of fruit by bacteria cannot be 
predicted solely from the attributes of organisms when grown in other 
chemical environments. Detailed studies of the ability to proliferate 
in fruits and of the chemical changes which may follow are needed.
3.63 Pathogenicity of bacteria associated with species of Dacus.
All the organisms found in this study have been isolated from 
many other insects, both healthy and diseased (Steinhaus 1946, 1949; 
Charpentier et al 1978; Lynch et al 1976). Many occur as natural 
components of the gut flora in a diverse range of insect groups and 
some have been implicated as insect pathogens (Steinhaus 1959, Brooks 
1963, Bucher 1963). In some cases their pathogenicity may be 
overstated, in that experimental tests which involve injection of 
bacteria directly into the haemocoel can be misleading (Steinhaus 
1959). Bucher (1963) and Falcon (1971) classify most of them as 
potential pathogens which cause disease only under certain 
circumstances. Most exist intact in the alimentary canal and cause 
little harm, however, septicemia may follow should they penetrate the 
body cavity. Steinhaus (1951) summarises the pathogenic associations 
of many bacteria with insects.
The most common bacterium isolated in this study,
S .liquefaciens, belongs to the genus most commonly found to be 
pathogenic for insects. All three species of Serratia have been 
isolated from many other insects (Steinhaus 1946,1951,1959, Grimont & 
Grimont 1978 ) and they are classified as facultative pathogens by 
Bucher (1963). Serratia are not strictly associated with insects, but 
occur as saprophytes in a diverse array of habitats (Grimont et al 
1977, Grimont & Grimont 1978). They are most commonly associated with 
insect disease in laboratory cultures (Steinhaus 1959) and have been 
isolated from healthy and diseased Orthoptera, Isoptera, Coleóptera, 
Lepidoptera, Hymenoptera and Diptera (Grimont & Grimont 1978). 
Specific cases of S.marcescens pathogenicity are known in tsetse 
flies (Poinar et al 1979), silkworms (Vasantharajan & Munirathnamma 
1978) and the tephritid, Anastrepha ludens (McFadden 1966).
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S.marcescens was also isolated from laboratory cultures of 
D.dor3ali3 (Steinhaus 1959) and D .oleae (Haniotakis & Avtzis 1977).
Earlier I suggested the possible importance of extracellular 
proteinase release by S .liquefaciens in assisting the developemnt of 
dacine larvae. It appears, however, that these extracellular enzymes 
may be the cause of this species being pathogenic. Bucher (1960,1963) 
found a strong correlation between the production of proteolytic 
enzymes by bacteria and their pathogenicity to insects. He emphasised 
that most of the microoganisms he isolated (many of which were those 
recorded here in Dacus species ) could not multiply readily in the 
alimentary canal of most insects. They were pathogenic only when, by 
chance, they penetrated the gut lining.
In summary, it is clear that bacteria were associated with all 
stages of the life cycle of Dacus species. There were no specific 
associations between fly and bacteria, apart from the regular 
occurrence of the potential pathogen, S.liquefaciens. Restriction of 
the host range of particular Dacus as a consequence of bacterial 
associations therefore seems unlikely. Nor does it seem likely that 
specific bacterial interactions are involved in determining which 
larvae, in a mixed feeding group within a fruit, will survive and 
grow normally. While some bacteria are apparently necessary for 
normal growth of larvae their mode of action is not known. Their role 
in protein degradation is suggested in experiments described here and 
elsewhere (Hagen et al 1963; Hagen 1966). Interactions between the 
changing chemistry of a ripening fruit and the growth of bacteria and 
fly larvae are probably complex. Some fruits are able to respond to 
invasion by microorganisms by the production of toxins or growth 
inhibitors (Bateman & Millar 1966; Lund 1973). Allen and Riker (1932) 
have shown, for example, that bacteria could not proliferate in 
apples while were they attached to the tree. These authors and others 
(Bower 1977, Reissig 1979) have also shown that larvae of Rhagoletis 
and Dacus could also not develop in apples of some varieties when 
they were attached to the tree. Endogenous inhibitors of bacterial 
enzymes (eg. polyphenolic compounds) may be involved in this 
inhibition.
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Perhaps the most surprising aspect of this study was the absence 
of yeasts in the isolates from infested fruits (Table 3.3), despite 
the fact that the growth medium used for isolations was suitable for 
growth of most microorganisms, including yeasts (O'Brien pers.comm.). 
Yeasts and other fungi are more generally associated with fruits and 
their decomposition than axe bacteria (Jay 1970) and are commonly 
found in association with Drosophila larvae feeding in rotting fruits 
(Starmer 1981, Starmer et al 1976). Drosophila differ from Dacus 
larvae in that their feeding is largely restricted to the surface of 
the fruit tissue. Dacus larvae mine extensively, deep within the 
fruit, where conditions may not be suitable for the proliferation of 
yeasts. Perhaps bacteria produce inhibitors which reduce the growth 
of yeasts and other fungi which may be deleterious to dacine larvae.
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Chapter 4. Age Schedules of Fecundity of D.jarvisi and D.tryoni and 
life history features of twelve other species of Dacus.
4.1 Introduction.
In this Chapter I examine some life history characteristics of
D.tryoni and D.jarvisi which influence their intrinsic rate of
increase; age at first reproduction, rate of egg production and age
specific mortality. These components are used to produce estimates of
r for each species under optimal conditions in the laboratory, m
Differences between the species in their rate of egg production and 
lifetime fecundity may indicate which species would be favoured when 
exploiting limited host resources.
Where two species of Dacu3 utilise the same host it may be 
possible for one species to influence the numbers of the other by 
direct interference between adults or larvae (Chapt. 5 & 6) or by 
differences in the ability of females to produce eggs and infest the 
available fruits. The numbers of each species within a patch will 
depend on two factors. Firstly on the rate of immigration of adults 
of each species into the patch (colonisation), and secondly on the 
rate at which individual females can infest the available fruit. 
Species of Dacus exploit resources which occur as ephemeral patches.
A patch may be defined as a single tree bearing fruit or a group of 
trees of the same species between which females may move in search of 
hosts. Within patches the abundance of fruit is unpredictable from 
one season to the next and is independent of the density of flies 
during previous seasons. Because they lack a pupal diapause (Bateman 
1972), tenure of any one patch is brief, in contrast to some other 
tephritids eg. Rhagoletis (Bush 1974, Prokopy 1977). Furthermore the 
period each year during which a patch is suitable for reproduction is 
usually less than the generation time of the fly. Within this limited 
fruiting season, individual fruits may be suitable for oviposibion 
only briefly (Bateman & Sonleitner 1967). Consequently Dacus must be 
continually colonising new areas of host fruits throughout the 
breeding season.
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Colonisation of habitat patches by insects may be influenced by 
many stochastic factors (Simberloff 1978). Por Pacu3 there may be 
great variability between patches in the identity and abundance of 
the species which happen to colonise them (Chapt. 10). Studies of 
dispersive movements in D .tryoni (Fletcher 1973,1974) in temperate 
environments indicate that females may travel long distances in 
search of hosts. At present nothing is known of the dispersive 
abilities of D.jarvisi.
However, if we assume that D.tryoni and D.jarvisi are equally 
capable of colonising patches then the pattern of exploitation of 
fruit within patches will be determined mainly by the ability of 
females to produce and lay eggs. Even if equal numbers of females of 
two species colonise a patch differences in fecundity and the pattern 
of dispersion of eggs may influence the interactions between larvae 
and the rate of increase of local populations. Presumably the species 
with the highest rate of egg production would be able to usurp the 
greatest proportion of available fruits and may thereby reduce the 
availability of resources for the less fecund species.
The potential fecundity of an insect is constrained by the 
number of ovarioles in each ovary, the rate at which follicles can be 
matured and the synchrony of maturation between ovarioles. These 
variables may be influenced by the size and age of the insect 
(Engelman 1970). For fruit flies, realised fecundity may be 
influenced by temperature (Bateman 1967) and the availability and 
quality of adult resources, particularly sources of protein. Rates of 
oviposition may also be influenced by the availability and dispersion 
of fruit suitable for oviposition. A shortage of suitable fruit may 
have a negative influence on subsequent rates of oocyte maturation 
(Engelman 1970, Chapt. 8).
For a variety of insects, fecundity is positively correlated with 
adult size (CJllyett 1950, Way 1968, Engelman 1970, Dixon & Wratten 
1971, Peters & Barbosa 1977, Dunlap-Pianka 1979, Blau 1981) which in 
turn is determined by the quality and quantity of food available to 
larvae. Among Diptera smaller adults often have fewer ovarioles
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(Webber 1955, Engelman 1970, Kambysellis & Heed 1971, Bennettova & 
Fraenkel 1981, Chiang & Hodson 1950, CJllyett 1950, Klomp 1964, Peters 
& Barbosa 1977). Thus for Dacus, a consequence of overcrowding as 
larvae, and hence reduced adult size, may be reduced fecundity and a 
reduced ability to exploit fruit after colonising subsequent patches. 
Small size may also inhibit dispersal and directly influence adult 
mortality as well.
Therefore, in this chapter in addition to measuring the 
fecundity and rate of egg production of D.tryoni and D.jarvisi of 
normal size, I investigated whether there were intrinsic differences 
in fecundity over a range of adult body sizes. Data on life history 
features (ovariole number, egg size and hatching times of eggs) for a 
variety of other species of Dacus covering a broad spectrum of host 
specialisation within the Dacinae was also collected.
4.2 Intrinsic rate of increase of D.tryoni and D.jarvisi.
4.21 Methods.
The rate of egg production of groups of D.tryoni and D.jarvisi 
was examined from emergence up to 10 weeks of age. Populations of 
both species were reared from infested fruits collected in the field. 
D .tryoni was reared from guavas collected in Cairns and D.jarvisi 
from Planchonia careya collected in Cairns. In order to assess 
intrinsic differences in fecundity between them I attempted to 
minimise all possible environmental influences on fecundity. Thus to 
produce flies which had developed in the same larval medium and to 
obtain a cohort of equal aged, newly emerged flies I reared each 
species through two generations in the laboratory using the 
artificial medium described in Chapter 2.
In addition to any intrinsic differences in fecundity between 
species of Dacus, the rates of egg production measured in the 
laboratory may also be influenced by the quality of fruit stimuli 
used to collect eggs. If the fruit used is not sufficiently
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attractive as an oviposition substrate then the observed fecundity is 
unlikely to accurately represent the potential fecundity of the fly. 
Apple was used as the fruit for D.tryoni and females readily accepted 
this fruit for oviposition. However, D.jarvisi is more host specific 
than D.tryoni and as shown later (Chapt.8) has a strong oviposition 
preference for fruit of Planchonia careya. Therefore I measured the 
fecundity of two groups of D.jarvisi using either apple or 
Planchonia tissue in the oviposition bait. The Planchonia had been 
deep frozen after collection in the field. In this way I was able to 
compare the fecundity of females of each species which had been 
reared in identical media and were offered the same fruit for 
oviposition, and also examine the fecundity of D.jarvisi when its 
preferred host was offered. Thus there were three groups of flies;
1. D .tryoni, fecundity assessed using apple baits
2. D.jarvisi, fecundity assessed using apple baits
3. D.jarvisi, " " " Planchonia baits.
Three replicate cages, each containing 20 females and 20 males, 
were established for each of these groups. All the flies of each 
species had emerged on the same day but D.tryoni emerged one day 
before D.jarvisi.
Rates of egg production were assessed by offering artificial 
oviposition devices, baited with the appropriate fruit, to each cage 
three times per week and counting the number of eggs laid in them. 
Baits were available for eight hours on each day. Baits were first 
offered when the flies were 7 days old and the procedure continued 
until they were 10 weeks old. Thus the flies were given the 
opportunity to oviposit at about 2 days intervals. It is unlikely 
that fecundity would have been much greater if fruit had been 
available continuously. Dead flies were removed when found and were 
not replaced. Each week I calculated the total number of eggs laid in 
each cage averaged over the number of females present during that 
week. This value was divided by 2 to give the number of female 
eggs/female/week (m^), assuming a 1:1 sex ratio in the offspring. I 
then calculated the mean fecundity of the three replicates of each 
group of flies. From these measurements of age specific fecundity and
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mortality I constructed life tables for each species and from these
calculated the intrinsic rate of natural increase (r ).m
4.22 Results.
Figure 4.1 shows the age specific profiles of fecundity (m^) 
of D .tryoni and the two groups of D .jarvisi. Differences between the 
groups were assessed by one factor ANOVA and SNK tests (App. Table 
4.1) for each week. Because the same cages of flies were used 
throughout, ''age” and "replicate cages" were not independent and 
"age" could not be included as a factor in a two factor ANOVA design. 
Female D.tryoni commenced egg laying at least one week earlier than 
D.jarvisi (Fig. 4.1). Furthermore during weeks 2-5 of adult life,
D.tryoni females produced significantly more eggs than either group 
of D.jarvisi. After this time there was no difference between species 
in the rate of egg production. D.tryoni was characterised by a peak 
of egg production during the period from 3-5 weeks of age after which 
there was a rapid decline while in D.jarvisi the level of egg 
production was relatively constant over the entire period. Moreover 
there were no signifiant differences in fecundity between the two 
groups of D.jarvisi at any time. Thus the presence of the preferred 
host did not increase fecundity in this species.
Summation of the values for mean egg production/female/week over 
the entire experiment gave the total fecundity per female (both male 
and female eggs). For an average female D ♦tryoni which survived to 
the tenth week, fecundity was 829.3 eggs (+108.9). This was 
significantly higher (p<0.005, App. Table 4.2) than the corresponding 
values for D.jarvisi; 402.6 +88.4 for those offered apple, and 480.2 
+55.6 for those offered Planchonia. These values are also 
significantly different (p<0.05). It should be noted however that 
females of both species were still producing eggs when the 
measurements were terminated. In the case of D.jarvisi 50% or more of 
females were still alive at this time. Therefore the lifetime 
fecundity of the two species may be more similar. Nevertheless early 
eproduction makes the greatest contribution to the value of 
r^(Lewontin 1965) and the difference in initial fecundity between
Figure 4.1. Age specific rates of egg production (m )and 
mortality for female D .tryoni and two groups of D.jarvisi 
Each point is the mean (+SE) of three replicate cages.
F I G U R E  4*1
W e e k s  S in c e  A d u l t  E m e r g e n c e
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these species is mirrored in the calculated values of r .m
Figure 4.1 shows the % survival of flies in each group. It is
apparent that the high rate of egg production in D .tryoni was
associated with reduced survival. To estimate the innate capacity for
increase of each species of fly, the data on fecundity and mortality
were incorporated into a life table and age specific fecundity table
(Table 4.1a,b,c). The method used to calculate r from this datam
was identical with that described by Birch (1948 ). One week was
chosen as the unit of time. Tables 4.la,b,c are based on mean values
for survival and fecundity of the three replicate cages in each
group. They show the probability that a given female will be alive at
the mid point of each age interval (1^) and the mean number of
female progeny; (half the total number of eggs). From summation
of the products of l^m^ 1 calculated the net reproductive rate,
Rq. This is the average number of female progeny produced by an
average female during the experiment. Then using the products
1 m I calculated a value of r by iteration from the equation: x x  m
/-rxe 1 m dx=l x x
Because I was interested mainly in differences in rm
attributable to the rate of egg production I assumed, for these 
calculations, that mortality during the immature stages was equal in 
the two species of Dacus. The values used for mortality of immature 
stages were:
1
Egg stage- 5% mortality
X
0.95
Larval stage- 20% mortality 0.76
Pupal stage- 5% mortality 0.72
These values were based on many estimates of survivorship in 
laboratory media and gave a combined mortality during these stages 
similar to that found by Bateman (1967) in an extensive study of 
intrinsic rates of increase in geographic races of D.tryoni.
Table 4.1. Life tables and age specific fecundity tables for 
D.tryoni and two groups of D.jarvisi at 25 .
(A ) D .tryoni.
Pivotal age
x (weeks since egg) 1* m x lxmx xltm x
0.5
1.5 Immature 0.72 0.0 0.0 0.0
2.5 stages
3.5 0.72 0.0 0.0 0.0
4.5 0.72 27.9 20.1 90.4
5.5 0.72 83.2 59.9 329.5
5.5 0.72 104.2 75.0 487.6
7.5 0.72 82.8 59.6 447.2
8.5 0.45 59.5 26.8 227.6
9.5 0.41 24.0 9.8 93.5
10.5 0.38 15.5 5.9 61.9
11.5 0.27 17.9 4.8 55.6
* 262.0 £  1793.2
Generation time= ^  xlx. m*. / 1£ 1 x =6.84 weeks
r = 0.905. X rm= e =2.472m
< 1 m = R = net reproductive rate.
^  X  X  o
r^ - innate capacity for increase. 
A  = finite rate of increase.
(B) D.jarvisi. Eggs collected using apple
Pivotal age
weeks since egg) 1* m X lxm * xlx m
0.5
1.5 Immature 0.72 0.0 0.0 0.0
2.5
3.5
stages
0.72 0.0 0.0 0.0
4.5 0.72 0.0 0.0 0.0
5.5 0.72 18.2 13.1 72.1
6.5 0.72 29.3 21.1 137.1
7.5 0.72 29.4 21.2 158.8
8.5 0.72 29.8 21.5 182.4
9.5 0.52 33.1 17.2 162.9
10.5 0.43 22.5 9.7 102.1
11.5 0.35 23.4 8.3 95.0
12.5 0.33 15.5 5.1 64.1
R =117.1 oGeneration tune — 8.32 weeks
r =0.645 X = 1.906m
974.4
(C) D.jarvisi. Eggs collected using Planchonia baits.
Pivotal age
x (weeks since egg) lx m x lxmx Xlx.
0.5
1.5 Immature 0.72 0.0 0.0 0.0
2.5
3.5
stages
0.72 0.0 0.0 0.0
4.5 0.72 0.0 0.0 0.0
5.5 0.72 27.3 19.7 108.1
6.5 0.72 41.3 29.7 193.8
7.5 0.72 45.0 32.4 243.0
8.5 0.72 30.2 21.7 184.8
9.5 0.71 34.4 24.3 230.7
10.5 0.68 21.7 14.8 155.8
11.5 0.53 20.1 10.6 121.6
12.5 0.47 20.1 9.4 117.6
Generation
r = 0.700 m
time =
R = o8.33 weeks
%  = 2.
162.6
014
1355.0
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The calculations gave the following values of R , r and theo m ofinite rate of increase at 25 :
D ♦tryoni D.jarvisi
Apple
Ro
262.0
rm
0.905 2.472
Ro
117.1
rm
0.645
X
1.906
Planchonia - - - 162.6 0.700 2.014
4.3 Pattern of egg dispersion by D.tryoni and D.jarvisi;
The number of eggs laid per oviposition.
The average densities of larvae in fruits on a tree and the rate 
at which fruit in any patch is infested will depend on both the rate 
at which females can mature eggs and on the number of eggs laid at 
each oviposition. A female capable of producing 40 eggs per day may 
distribute them as 10 groups of 4 eggs (presumably in different 
fruits) or 4 groups of 10 eggs. In this chapter, I define a clutch as 
a batch of eggs laid during a single oviposition and the number laid 
as the clutch size. Fecundity is used to refer to the lifetime 
production of eggs.
In preliminary experiments in fieldcages (Chapt. 6 & 7), I noted 
that the average number of egg3 laid during a single oviposition by 
female D.jarvi3i was about twice the number laid by D.tryoni; 10 vs.
5. In later experiments, described in Chapter 9, the mean clutch size 
of D,jarvisi when infesting apples, apricots and nectarines was 10-12 
egg3, while for D.tryoni it was 5-6 eggs. The number of eggs laid in 
a single oviposition may depend on ;
-the number of eggs carried by the female at the time.
-the period of time since the last oviposition.
-the size of the fruit being infested.
-or the quality of the fruit as a resource for larvae.
During observations of the oviposition behaviour of D.jarvisi
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D.tryoni and D .neohumerails in the field I collected some data on the 
average clutch size and oviposition times for these species. Table 
4.2 shows the mean time to complete an oviposition by females of each 
species. These times were measured with a stop watch and cover the 
period from the time the female finished boring the oviposition 
puncture (indicated by the time when thrusting and movement of the 
ovipositor ceased) until she extracted her ovipositor after egg 
laying. Thus the time taken to establish the puncture was excluded. 
Boring of the oviposition puncture may take from a few seconds in 
soft fruit to several minutes in fruits with smooth, hard skins 
(Pritchard 1969).
Oviposition times for D.jarvisi were considerably longer than 
for D .neohumeralis or D .tryoni even when infesting the same type of 
fruit. Female D.jarvisi required an average of 4-6 minutes to deposit 
a clutch of eggs whereas D .neohumeralis and D .tryoni required only 2- 
3 minutes (Table 4.2). Furthermore of the eight D.jarvisi included in 
the table, four completed two ovipositions into the same puncture in 
a single fruit. These ovipositions were usually separated by a period 
of ovipositor cleaning and movement around the fruit. Only 2 of 23 
D.tryoni and D .neohumeralis laid twice in the same fruit. The longer 
oviposition time of D.jarvisi suggested that they had laid more eggs 
during the oviposition than the other species. This was supported by 
dissections of the guavas into which single females had been observed 
to lay, which revealed the following numbers of eggs in individual 
ovipositions;
D.neohumeralis: 6, 4, 3, 6, 7, 4, 5, 6.
D .tryoni: 3, 3.
D.jarvisi: 18, 16, 19, 15, 11, 16.
However, these field observations are inconclusive because I 
could not be certain that females were not laying into oviposition 
punctures made by other females. Counts of the number of eggs per 
oviposition puncture in Planchonia (Chapt.10) suggest that D.jarvisi 
may often lay in punctures made by other flies more often than the 
other two species and this could explain the larger "clutches" 
revealed by the dissections.
Table 4.2. The time required to complete one oviposition by female 
D .neohumeralis, D .tryoni and D.jarvisi in the field and field cages.
(All times are in seconds).
Site Date Species of fruit Species of Dacus
D.neo D .tryoni D .j arvisi
In the field.
Cairns March 1981 Guava
mean
115.9
(1.9)
n
14
mean
128.0
(-)
n
1
mean
239.5
(4.0)
n
4
Cairns March 1982 Guava 195.0
(52.1)
5 96.3
(6.3)
2 391.0
(60.8)
4
Cairns Jan. 1982 Planchonia
careya
420.0
(31.2)
21
In field cages.
Peaches 57.6
(4.7)
24 224.3
(33.1)
23
Table 4.3. Analysis 
load (x) and clutch 
Data transformed to
Source
of covariance
size (y) for
J ~~l to ensure
P =2 17, 21
SS
on the relationship between egg 
female D.tryoni and D.jarvisi. 
homogeneity of residual variances. 
.1060, MS
df MS F p
D.-jarvisi alone 2.04 1 2.04 3.35 NS
Residual 10.37 17 0.61
D .tryoni alone 10.59 1 10.59 36.57 ***
Residual 6.08 21 0.29
Summed 16.46 38 0.43
Pooled 17.03 39 0.44
Equality of slopes 0.58 1 0.58 1.34 NS
Total 39.68 40 0.99
Equality of intercepts 22.64 1 22.64 51.84 ***
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To overcome this difficulty, I measured the average clutch size 
of D.tryoni and D.jarvisi in the laboratory to determine whether 
females of these species consistently laid clutches of different size 
and whether clutch size was influenced by the number of eggs present 
in the ovaries at the time of the oviposition. That is, do females 
which carry many mature eggs lay larger clutches than those which 
have few? Females were taken from laboratory populations. Some of the 
flies had access to fruit up until the day before the experiment 
while others had been deprived of fruit for several days. Each female 
was allowed to complete one oviposition into an apricot. To reduce 
variation due to the ease of boring into different fruits I pricked 
each fruit with a pin. Females quickly located and used these 
artificial punctures. After completing the oviposition each female 
was dissected and the number of mature eggs in her ovaries counted. 
This number combined with the number of eggs laid during the 
oviposition, found by dissection of each fruit, gave the initial 
number present in each fly before she had laid. Twenty three 
D .tryoni and 19 D.jarvisi females were tested.
Figure 4.2 shows the relationship between the number of eggs in 
the ovaries and clutch size for the two species. There was 
considerable variation in clutch size between individuals. Female 
D.jarvisi laid a mean of 15.3 eggs (range 7-28 eggs) while D.tryoni 
laid a mean of 6.2 eggs (range 1-21). Analysis of covariance showed a 
significant relationship between the number of eggs carried before 
the oviposition and clutch size in D .tryoni (p<0.005, Table 4.3) but 
not in P.jarvisi. The analysis indicated however that the average 
clutch size of D.jarvisi was significantly greater than that of 
D.tryoni.
4.4 The relationship between females size and fecundity in
D.tryoni and D.jarvisi.
4.41 Ovariole number and egg size: Methods
To produce flies covering a broad range of sizes I crowded 
larvae at several densities in artificial medium. The pupae which
Figure 4.2. The relationship between the total number of eggs 
carried by female Dacus and the number laid in a single 
oviposition. Regression equations:
D.jarvisi- y= 5.66x + 3.91, NS (n=19)
D.tryoni- y= 5.79x + 2.50, p<0.005 (n=22)
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resulted were classified by weight into size classes. For D.tryoni 
there were 3 classes; <8 mg., 9-11 mg., 12-14 mg. For D.jarvisi there 
were 4 classes; <9 mg., 10-12 mg., 13-15 mg., >16 mg.
To examine the relationship between size and reproductive 
characteristics, the wing length and body weight of ten mature 
females from each size class was measured. Each female was then 
dissected. The number of ovarioles in each ovary was counted, and the 
length of 5 mature eggs was measured. Wing length (in mm.) was 
measured with calipers accurate to 0.05 ram. and body weight was 
measured on a precision torque balance accurate to 0.05 mg. Ovarioles 
were counted by carefully teasing apart the ovary in 0.9% saline 
under a dissecting microscope. This procedure was successful when 
most ovarioles in the ovaries contained partially developed eggs 
(Stage 4 of Fletcher 1975). When ovaries were packed with mature eggs 
the ovarioles tended to rupture when the ovarian sheath was broken 
making accurate counts difficult.
4.42 Results
Table 4.4 shows the mean body weight, wing length, number of 
ovarioles and egg length for females of each species of fly in each 
size class. ANOVA revealed significant differences between size 
classes for both species of fly for all variables except egg length 
(Table 4.4, App. Table 4.3).
The number of ovarioles in female D.jarvisi from the two largest 
classes did not differ significantly despite differences in wing 
length and body weight (Table 4.4). The same was true of D .tryoni. 
Apart from these cases, there was a significant increase in body 
weight, wing length and ovariole number from the smallest to largest 
size classes. For both species, small flies had fewer ovarioles than 
large flies. This relationship is shown more clearly in Figure 4.4. 
Despite the variation in ovariole number there was no difference in 
egg length between size classes for either species. Thus the small 
flies had maintained a constant egg size at the expense of the number 
of ovarioles.
Table 4.4. Mean size and ovariole number of female D.jarvisi and 
D .tryonl from each pupal size class.
Means are based on dissections of ten females. SE'S shown in 
parentheses.
(A) D.jarvisi. 
Variable <9
Size
10-12
Class (mg.) 
13-15 >16
P values * 
df 3,36
Wing length 
(mm)
5.98 a 
(0.05)
6.33 b 
(0.02)
6.38 C 
(0.01)
6.57 d 
(0.02)
76.65 ***
Body weight 
(mg)
12.68 a 
(0.54)
15.34 b 
(0.50)
19.18 C 
(0.64)
20.70 d 
(0.75)
36.77 ***
Ovarioles/
ovary
19.70 a 
(0.37)
22.20 b 
(0.13)
25.30 C 
(0.47)
24.30 C 
(0.73 )
45.94 ***
Egg length 
(micro units)
2.95 a 
(0.03)
2.97 a 
(0.02)
2.97 a 
(0.02)
3.00 a 
(0.03)
0.63 NS
(B ) D .tryoni. 
Variable
Size Class (mg.)
< 8 9-11 12-14
P values * 
df 2,27
Wing length 5.80 a 6.49 b 6.62 C 117,.90 ***
(mm) (0.07) (0.02) (0.02)
Body weight 12.20 a 17.94 b 20.27 C 78,.18 ***
(mg) (0.51) (0.36) (0.50)
Ovarioles/ 28.00 a 38.10 b 33.50 b 21,.63 ***
ovary (1.33) (1.16) (0.65)
Egg length 2.46 a 2.54 a 2.49 a 2.25 NS
Means in any row followed by different letters axe significantly 
different at P=0.05. * - from ANOVA Appendix Table 4.3.
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The relationship between body size and ovariole number for each 
species was compared by analysis of covariance using the data pooled 
across size classes. For females of both species, body weight and 
wing length were significantly correlated (Fig. 4.3; r=0.914, p<0.005 
for D.tryoni; r=0.849, p<0.005 for D.jarvi3i, Table 4.5). Analysis of 
covariance showed that the slopes of these relationships differed 
significantly between the two species (p<0.005, Table 4.5). Wing 
length increased more rapidly as a function of body weight in 
D.tryoni than in D.jarvisi (Fig. 4.3). Coefficients of variation of 
the estimates of body weight and wing length (Table 4.7) showed that 
body weight was more variable as a measure of overall size than was 
wing length. Even among flies with the same wing length there was 
considerable variation in body weight. This was probably because an 
appreciable amount of the body weight of mature females may be made 
up by the contents of the crop and the volume of mature eggs. Thus, 
for example, the body weight of a female which had fed just prior to 
measurement may be greater than that of a female which had not fed 
even if they had identical wing lengths. For this reason I used wing 
length as the measure of female size in comparisons with other 
variables and in later studies with other species.
Figure 4.4 shows the relationship between wing length and number 
of ovarioles ( 1°910)/ovary for each species. As the figure shows 
these two variables were strongly correlated (r=0.78, p<0.005 for 
D.tryoni, r=0.70, p<0.005 for D.jarvisi, Table 4.6). An analysis of 
covariance showed the slopes of the relationships between the number 
of ovarioles and wing length for each 3pecies did not differ 
significantly but there was a significant difference in the 
intercepts (p<0.005, Table 4.6). D .tryoni had the higher intercept 
for ovariole number. That is, D.tryoni had more ovarioles/ovary than 
D.jarvisi over the entire range of sizes. Thus, while ovariole number 
within each species was variable and dependent on female size, the 
difference between the two species was independent of size.
Analysis of the relationships between wing length and egg length 
(Fig. 4.4) showed, as in Table 4.4, no significant change in egg 
length with size in either species. However, a one factor AN0VA
Figure 4.3. The relationship between body weight (mg) and 
wing length (mm) for female D.jarvisi and D.tryoni reared 
under controlled conditions in the laboratory.
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Table 4.5. Analysis of Covariance on the relationship between body 
weight (x) and wing length (y) for female D.jarvisi and D .tryoni.
Calculated regression lines ; D .jarvisi - y =  0 .5 3 2 X + 5 .4 1 0
D.tryoni - y=  0 .0 9 7 X + 4 .6 8 4
Source SS df MS F P
D.jarvisi alone 1 .5 1 1 1 . 5 1 9 7 .7 3 * * *
Residual 0 . 5 9 38 0 .0 2
D.tryoni alone 3 .7 8 1 3 .7 8 1 4 1 .1 2
Residual 0 .7 5 28 0 .0 3
Summed 1 . 3 4 66 0 .0 2
Pooled 1 .7 7 67 0 .0 3
Equality of slopes 0 . 4 4 1 0 . 4 4 2 1 .5 5 * *  *
Total 1 .7 8 68 0 .0 3
Equality of intercepts 0 .0 0 2 1 0 .0 0 2 0 .0 7 NS
Homogeneity of residual, variances F »1.73,NS. (2-tailed test)2o , 3o
Table 4.6. Analysis of covariance on the relationship between wing 
length and logiQ ovariole number of female D.jarvisi and D.tryoni.
Calculated regression lines ; D .jarvisi - y= 0 .137X + 0.49
D..tryoni - y = 0 .145X + 0.61
Source SS df MS F P
D.jarvisi alone 0.04 1 0.04 35.94 ***
Residual 0.04 38 0.001
D.tryoni alone 0.09 1 0.09 43.91
Residual 0.06 28 0.002
Summed 0.0999 66 0.0015
Pooled 0.1000 67 0.0015
Equality of slopes 0.0001 1 0.0001 0.07 NS
Total 0.5844 68 0.0086
Equality of intercepts 0.4844 1 0.4844 324.55 ***
Homogeneity of residual variances F =1.91, NS (2-tailed test)281 38
Pigure 4.4. The relationship between the wing length of 
female D.jarvisi and P.tryoni and a) the number of ovarioles 
C log ) in each ovary and b ) mean egg length (opt ical 
micrometer units).
F I G U R E  4-4
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showed a highly significant difference between the species in the
lenqth of eggs (F. „=539.29, p<0.005). In this case D.jarvisi had 1/68
consistently larger eggs than D .tryoni.
4.42 Fecundity and size of females : Methods
To determine whether the differences in female size and 
consequent differences in ovariole number would influence the rate of 
egg production I collected eggs from females of each size class for 
the first 24 days of adult life. Three replicate cages of 10 females 
and 10 males were established for each of the four size classes of 
D.jarvisi and three classes of D.tryoni. Each cage received ample 
quantities of water and protein hydrolysate/sugar syrup (1:4). For 
the first eight days after emergence each cage was given continuous 
access to fruit (apples) to ensure normal ovarian maturation. 
Thereafter each cage received a hollowed dome of apple for 
oviposition three times a week. Apple domes remained in the cages for 
8 hours after which the number of eggs was recorded. Dead flies were 
removed each day and the rate of egg production expressed as the mean 
number of eggs/female/day for the period between egg collections.
4.43 Results
Because I monitored egg production of the same cage of flies 
over time, "age" and "replicate cages" were not independent factors. 
Consequently a two factor ANOVA with "size class" and "age" as 
factors was not valid. Therefore I compared egg production across 
size classes on each day using one factor ANOVAS (App. Table 4.4).
For D.jarvi3i, there was no significant difference in the rate 
of egg production between size classes at any time (Fig 4.5, App. 
Table 4.4). There was also no difference in the total number of eggs 
laid per female over the course of the experiment (Table 4.8, App. 
Table 4.5). This result was suprising in view of the significant 
differences in ovariole number between females of different sizes. 
There was considerable variation between replicate cages in some size 
classes. For example, in the most extreme case, females in cage 1 of
Figure 4.5. Daily rates of egg production (log x+1) by 
female D.jarvisi and D « tryoni of different sizes over the 
first two weeks of egg-laying.
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Table 4.7. Coefficients of variation of estimates of body weight and 
wing length of female D .tryoni and D.jarvisi in each size class.
(A) D.jarvisi. Size Class
<9 10-12 13-15 >16
Mean wing length 
CV, as %
(mm) 5.98 
1.93 %
6.33 
1.00 %
6.38 
0.50 %
6.57 
0.96 %
Mean body weight 
CV, as %
(mg) 12.68
13.50%
15.34
10.31%
19.18
10.60%
20.7 
11.50%
(B) D.tryoni.
<8
Size Class 
9-11 12-14
Mean wing length 
CV, as %
(mm) 5.80
3.80%
6.49
0.97%
6.62
0.95%
Mean body weight 
CV, as %
(mg) 12.20
13.20%
17.94
6.35%
20.27
7.80%
Table 4.8. Average fecundity of D.jarvisi and D.tryoni of
sizes up to 24 days of age.
The number of survivors to 24 days shown in parentheses. 
(A) D.tryoni
Replicate number
Size class 1 2  3 Mean SE
different
Mean % 
Survival
<8 210.4 (9) 100.8 (10) 354.4 (8) 227.6 126.8 90.0%
9-11 620.0 (10) 413.0 (10) 486.1 (9) 506.4 60.6 96.7%
12-14 664.4 (9 ) 502.9 (10) 610.5 (10) 576.6 36.9 96.7%
(B) D.jarvisi
Replicate number Mean
Size Class 1 2 3 Mean SE Survivors
<9 109.7 (10) 194.9 (10) 154.0 (9) 152.9 24.6 96.7%
10-12 100.5 (9) 132.5 (9) 116.0 (9) 116.3 9.2 90.0%
13-15 134.0 (10) 127.6 (10) 138.8 (10) 133.5 3.2 100.0%
>16 102.1 (10) 162.2 (9) 139.7 (9) 134.7 17.5 93.3%
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the size class <9 mg. laid a mean of 109.7 eggs/female while those in 
cage 2 produced 194.9 eggs/female, even though there was no 
difference in survivorship between the two cages (Table 4.8).
In contrast to D .jarvisi, there were significant differences in 
the rates of egg production between size classes of D.tryoni (Fig. 
4.5). However the differences were only significant on days 13, 16 
and 23 (App. Table 4.4). On day 13 the rate of egg production of the 
laxgest flies was significantly higher than that of the 9-11 mg. 
class which was in turn higher than that of the smallest flies. On 
days 16 and 23, the two largest classes did not differ but both 
produced significantly more eggs than the smallest flies. The overall 
similarity in fecundity of size classes 12-14 mg and 9-11 mg (Table 
4.8) mirrored the similar number of ovarioles in females of the two 
classes (Table 4.4). On other days the smallest flies produced 
consistently, though not significantly, fewer eggs than the other two 
classes. The high variability between replicate cages may explain the 
absence of significance in ANOVA on these days (note the high SE’s in 
Table 4.8, particularly for the smallest class). For example on day 
16, cage 2 of the <8 mg. class laid a mean of 6.0 eggs/female while 
cage 3 produced 22.0 eggs/female. Similarly on day 25, these cages 
produced 2.0 and 20.8 eggs/female/day respectively. Over the entire 
experiment there was little difference in the total number of eggs 
laid by females in the two largest size classes but both these groups 
produced significantly more eggs than the smallest flies (p<0.05, 
Table 4.8, App. Table 4.5). Survivorship of D.tryoni and D.jarvisi 
was high during the experiment (as had been the case up to 35 days of 
age in Section 4.2) and there were no differences between size 
classes (Table 4.8).
The influence of female size on fecundity was not clearcut.
While the number of ovarioles was significantly correlated with 
female size this relationship was not mirrored directly in the rates 
of egg production, particularly in D.jarvisi. Even so from Figure 4.^ 
and Table 4.8 it is apparent that, as in Section 4.2, the fecundity 
of D .tryoni was consistently higher than that of D.jarvisi during the
early stages of reproductive life.
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4.5 Comparisons of ovariole number, egg 3ize and hatching time for
different species of Dacus.
4.51 Number of ovarioles/ovary in various species of Dacus.
There were intrinsic differences in ovariole number between 
D .tryoni and D.jarvisi which would seem to explain in part the 
difference in fecundity between these species. This observation 
prompted a more extensive examination of variation in the number of 
ovarioles in other species of Dacus. Here I present data on the 
number of ovarioles per ovary and egg size of several species of 
Dacus.
Structure of the ovary.
The paired ovaries of tephritid fruit flies and most Diptera 
contain polytrophic ovarioles (Engelman 1970, Anderson & Lyford 1965, 
Dodson 1978) which are characterised by nurse cells associated with 
each oocyte. Nurse cells and oocytes are surrounded by an envelope of 
mesodermal cells to form the follicle. Drew (1969) incorrectly 
described the ovarioles of D.tryoni as panoistic ie. a primitive type 
in which follicles consist only of ooctyes and lack nurse cells 
(Engelman 1970). Anderson & Lyford (1965) and my own observations 
confirm that the ovarioles of all Dacus are polytrophic. At emergence 
each ovariole consists of a germarium and an ovariole stalk 
connecting it to the lateral oviduct (Fletcher 1975). These pass 
through several stages before vitellogenesis when the terminal 
follicle is filled with yolk and later surrounded by a chorionic 
membrane. At this stage the ovariole consists of the germarium and a 
string of three or four follicles, the terminal one being mature. 
Dacus are anautogenous and require protein for vitellogenesis.
Initial maturation of follicles may be synchronised but all mature 
eggs are not laid in a single batch and once oviposition has 
commenced maturation of ovarioles is unsynchronised.
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4.511 Methods
Except for some specimens taken from laboratory cultures, all 
flies were bred from host fruits collected in the field. For each 
species I dissected up to ten females and counted the number of 
ovarioles under a binocular microscope. In view of the influence of 
body size on ovariole number found in D.tryoni and D.jarvisi (Section 
4.4) I dissected only those flies which were subjectively judged to 
be of "normal" size for each species. For some species only a small 
number of such flies were available.
4.512 Results
Table 4.9 lists the mean number of ovarioles/ovary of 14 species
of Dacus. A one factor ANOVA showed significant differences in the
number of ovarioles characteristic of different species
(F =152.99, p<0.005). Species are grouped in the tableX o / X 2 2
according to their degree of host specialisation among native fruits; 
monophagous, oligophagous or polyphagous, as indicated by collections 
of host fruits (May 1953,1957,1963, Chapt.10). Species listed as 
monophagous are recorded from fruits of only one species of plant. 
Species indicated as oligophagous are recorded from several hosts 
within a family (eg. D.endiandrae infests lauraceous fruits,
D.kraussi infests myrtaceous fruits, D.cucumis infest cucurbitaceous 
fruits). D.tryoni and D.neohumeralis infest a wide range of 
cultivated and native fruits in many families. Table 4.9 indicates 
that most of the specialised species have fewer ovarioles than the 
highly polyphagous D .tryoni. However, D.musae is an obvious exception 
to this. The table also shows the subgeneric affinities of each 
species (Drew 1978). There was considerable variation between species 
within the subgenus Bactrocera. There was also some variation between 
populations of the same species reared from different hosts. For 
example, a sample of D.tryoni reared from peach had fewer ovarioles 
than the laboratory strain. Similarly D.jarvisi reared from guava had 
fewer ovarioles than those from Planchonia. In both these cases the 
differences, though significant were relatively small (Table 4.9). 
Thus each species had an intrinsically consistent number of ovarioles
Table 4.9. Mean number of ovarioles per ovary, and host specialisation
for different species of Dacus.
Host Species of Source of flies Mean Ovarioles
range fly (Subgenus) /ovary SE n
Polyphagous
D.tryoni (Bactrocera) Lab. culture 39.1 0.31 10
D.neohumeralis lab. culture 37.7 0.30 10
(Bactrocera)
D.jarvisi (Afrodacus) lab. culture 24.3 0.73 10
D.iarvisi ex Planchonia careva 24.6 0.67 10
D. iarvisi ex guava 22.6 0.31 10
Oligophagous
D.halfordiae ex Planchonella 29.1 0.28 10
(Bactrocera) australis (Dorrigo)
D.endiandrae ex Beilschmedia sp. 24.0 0.33 9
(Bactrocera) (Cairns)
D.kraussi (Bactrocera) ex guava (Cairns) 22.4 0.40 5
D.bryoniae ex Bryonopsis 20.9 0.59 7
(Bactrocera) laciniosa (Cairns)
D.cucumis (Aust rodacus) lab. culture 20.7 0.37 10
ex zucchini 19.4 0.31 10
Monophagous
D.cacuminatus ex Solanum (Syd) 23.4 0.43 10
(Bactrocera)
D.cacuminatus ex Solanum (Cairns) 22.2 0.25 10
D.musae (Bactrocera) ex banana (Cairns) 38.2 0.70 6
D.pallidus ex Nauclea 25.5 0.63 8
orientalis
D .murrayi (Daculus) ex Semecarpus 18.2 0.20 5
australiensis (Cairns)
D.visendus (Daculus) ex Garcinia 8.0 — 3
warrenii
D .agíala ex Aglaia 12.5 0.87 4
(Hemizeugodacus) ferrugiana
Table 4.10. Relationship between body size, mean egg size and hatching
time for several species of Dacus.
Species of Wing Egg Eg| Volume Time to Mo.
Dacus (n) length (mm) length (mm) (mm xlOO) hatch (hrs) eggs
D.tryoni (10) 6.16 1.07 (0.03) a 4.45 00 100
D.neohumeralis( 6) 6.22 1.04 (0.02) a 4.15 43.7 57
D.jarvisi (10) 6.44 1.24 (0.02) b 7.10 43.2 87
D.cucumis (11) 6.46 1.34 (0.03) c 7.69 24.0 100
D.halfordiae (3) 6.70 1.09 (0.08) * 4.53 49.1 83
D.musae (20) 6.59 1.16 (0.01) d 4.82 49.6 66
D.kraus3i (10) 6.20 0.92 (0.02) e 3.82 48.2 63
D.cacumin. (10) 6.00 0.97 (0.03) e 3.87 53.0 44
Mean values for egg length followed by different letters are 
significantly different at P=0.05. * not included in analysis because
of small sample size.
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which was not determined simply by phylogenetic associations.
Moreover, the variation between species cannot be explained solely on
the basis of intrinsic differences in size of the flies. Por example,
D.cucumis and D.visendus are larger flies than D.tryoni (Table 4.10),
but both have fewer ovarioles. Figure 4.6 a,b shows the relationship
between host range and ovariole number. In Figure 4.6a, I have
grouped the species into three categories of host specialisation,
while in Figure 4.6b the number of ovarioles is plotted as a function
of the number of families of plants (logiQ) in the native host
range. In both cases, if D.musae is ignored, there is an increasing
trend of potential fecundity with breadth of the host range. Most of
the highly specialised species of Dacus have fewer ovarioles than the
polyphagous D.tryoni and D .neohumeralis. Both regressions in Figure
4.6b, ( ie with or without D.musae) are significant (p<0.05,
2 2R =0.36; p<0.01, r =0.63 respectively).
4.52 Mean egg 3ize and its relationship to body size.
For eight of the species of Dacus listed in Table 4.9, I also
measured body size and the length and diameter of mature eggs.
Average dimensions of eggs were used to calculate egg volumes using 
2the formula V =77r x L (where r=* radius of the egg and L= egg 
length). This assumes that the egg is a straight cylinder. Actually 
Dacus eggs are slightly curved and taper at each end to a blunt 
point. In addition I calculated the incubation time, at 25°, of a 
sample of up to 100 eggs of each species. The eggs were collected in 
the laboratory during a 1-2 hour period and incubated on moistened 
filter paper. Preliminary experiments were used to indicate the 
approximate hatching time of each species.
As Table 4.10 shows, there was considerable variation between 
species in egg size and in the required incubation time of eggs.
There was a highly significant difference between species in mean egg 
length (F^ ^^=181.93, p<0.005). Eggs of D.cucumis were 
significantly larger than any other species (Table 4.10). D .tryoni 
and D.neohumerali3 produced eggs of similar size as did D.kraussi and
D .cacuminatus. Although the range of body size for each species was
Figure 4.6. The relationship between ovariole number, as an 
indicator of potential fecundity, and (A) the degree of host 
specialisation of species of Daeus and (B) the number of 
plant families (log ) in the native host range. Species 
indicated in Table 4.9.
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Figure 4.7. A. The relationship between mean wing length (mm) 
and mean egg length (wn) for eight species of Pacus.
B. The relationship between the number of ovarioles/ ovary 
and mean egg length for eight species of Dacus.
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not as broad as in the earlier experiment with D.tryoni and
D .jarvi3i (Section 4.4), regression analyses showed no significant
change in egg length as a function of body size for any species. As
Figure 4.7A shows some of the variation in egg size may be explained
on the basis of differences in the average body size of each species,
but the regression was not significant (F =3.26, NS).
1 , 6
Earlier measurements with D .tryoni and D. jarvisi had suggested 
there may be an inverse relationship between ovariole number and egg 
size (Section 4.4). D.jarvisi had relatively fewer ovarioles but 
larger eggs. Given that two species are of approximately equal size 
such a relationship may arise simply because of constraints imposed 
by the size of the abdomen. However, for the eight species of Dacus 
there was no simple relationship between ovariole number and egg 
length (Fig. 4.7B). The same is true if egg volume is used. Using 
D.tryoni as a guideline, we see that eggs of D.jarvisi and D.cucumis 
were 59.6% and 72.8% larger (by volume) than those of D .tryoni but 
they had fewer ovarioles (60-70% as many as D.tryoni). At the same 
time, D.kraussi and D .cacuminatus have significantly smaller eggs 
(about 15% smaller) than D.tryoni but also have many fewer ovarioles.
There were also differences in hatching time of eggs between
species (Table 4.10, Fig. 4.8). Eggs of D.cucumis hatched in 24 hours 
0at 25 while those of D .cacuminatus required 53 hours. This broad
variation in hatching time was significantly negatively related to
egg length (Y= -49.10x + 98.63 F =8.30, p<0.05). However, if1, 6
D.cucumis is excluded from the analysis, the regression is no longer
significant (Y= -14.73x + 63.13, F =1.24, NS).1 > 5
Figure 4.5. The relationship between the size of 
length) and the incubation time of eggs, at 25 , 
species of Dacus.
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4.6 Discussion
4.61 Fecundity of D.tryoni and D.jarvisi.
Over the first 10 weeks of life D .tryoni were more fecund than
D.jarvisi. Female D.tryoni produced large numbers of eggs which were
relatively smaller than those of D.jarvisi. Thus while D .tryoni may
be more fecund numerically, the biomass of eggs produced by the two
species may be similar. The most obvious difference between the two
species was that D.tryoni began oviposition at an earlier age and
reached a peak of egg laying earlier than D.jarvisi. As hypothesised
by Cole (1954) and demonstrated in simulation by Lewontin (1965) this
advantage in early reproduction was responsible for a higher value of
r . Lewontin (1965) showed, with reference to populations of m
Drosophila, that a decrease in the age of first reproduction can 
increase r^ more dramatically than an increase in lifetime 
fecundity. D.tryoni also appears to disperse its eggs in smaller 
clutches than D .jarvisi. With reference to the interaction between 
these species in the field, the higher fecundity of D.tryoni is 
crucial. Firstly, D .tryoni should be able to exploit a crop of fruit 
more rapidly than D.jarvisi and consequently may influence the 
reproductive success of that species in the same patch. Even so, this 
advantage in fecundity for D .tryoni would only be relevant to its 
interaction with D.jarvisi when fruit is in short supply. Perhaps 
more important, however, is the fact that more progeny of D.tryoni 
will disperse from most patches, than of D.jarvisi . Thus if the 
species shared hosts over a number of generations, D .tryoni may 
progressively locate more patches than D.jarvisi, and should more 
often arrive at patches before D.jarvisi, and thus perhaps pre-empt 
that species. This possibility is discussed more fully in Chapter 6.
The values for r calculated here are somewhat higher than m
those calculated by Bateman (1967) for D.tryoni. He found a maximum
or for D.tryoni at 25 of 0.60-0.70 (finite rates of increase of m --------
1.80-2.04) compared with a value of 0.905 (finite rate 2.47) found in 
this study. This difference may be explained by many factors, the 
most important being differences in adult nutrition. In this study,
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protein hydrolysate was fed as a mixture with sucrose rather than 
separately, as in Bateman's (1967) study. As a result females were 
forced to consume protein and higher fecundity may have been 
possible. Personal experience with some other species of Dacus has 
shown that wild flies do not readily consume hydrolysed yeast in a 
solid form.
Nevertheless it is inadvisable to compare estimates of fecundity 
based on experiments at different times, with different techniques, 
different genetic strains of flies and possibly different 
environments. Furthermore, estimates of fecundity obtained in the 
laboratory may not reflect closely the potential rate of increase in 
the field. For example, in this study I ignored the contribution of 
juvenile mortality to r^ and assumed no difference in juvenile 
mortality between the species. In the laboratory, fecundity may be 
greatly overestimated because high quality sources of protein are 
provided or temperatures are held constantly high. This has been 
illustrated in D.oleae (Tsiropoulos 1977). Females fed a laboratory 
diet (sucrose and yeast hydrolysate syrup) produced eggs at twice the 
rate of flies fed natural foods, such as pollen and honeydew. 
Fecundity may also be underestimated if the substrate offered to the 
females to induce oviposition is not optimal. Most specialised 
species probably require specific oviposition cues from their host 
fruit (Chapt. 8) and are unlikely to produce eggs at a maximal rate 
without these cues. In these experiments, the fecundity of D.jarvisi 
was similar when offered apple or Planchonia, but this may not be 
true of more specialised species. On the other hand, a generalised 
species, such as D .tryoni, may more readily accept laboratory 
conditions and produce eggs at maximal rates.
In view of these constraints on the interpretation of laboratory 
comparisons of fecundity, it may be more useful to compare a character 
which is correlated with fecundity but less subject to environmental 
variation. The number of ovarioles in each ovary of female insects 
has been shown to correlate closely with realised fecundity in 
several insects, both in comparisons between size classes of the same 
species (Webber 1955, Dixon & Dharma 1980a) and between species
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(Price 1974, 1975, 1977, Gruys 1970, Engelman 1970, de Wilde & de 
Loof 1973). For example; Price (1973) found that ovariole number was a 
reliable indicator of fecundity in a group of ten parasitoids which 
attacked the same host. In a more extended study of many species of 
Ichnuemonidae and Tachinidae (Price 1975), he showed that 97% of the 
variability in fecundity between species could be explained by 
differences in ovariole number. Ovariole numbers and fecundity vary 
widely in the Diptera, from one ovariole in the tsetse fly, Glossing 
(Chapman 1969) to over one hundred in Phormia regina (Bennettova & 
Fraenkel 1981) and Lucilia cuprina (Webber 1955).
4.62 The relationship between body size and number of ovarioles♦
The maximum number of ovarioles/ovary characteristic of 
different species of Dacus is probably under genetic control and the 
intrinsic difference in ovariole number between D .tryoni and 
D.jarvisi can explain much of the observed difference in fecundity. 
However, within each species the number of ovarioles/ovary was 
strongly correlated with the body 3ize of individual females. One 
explanation for this relationship is that in small flies there is a 
shortage of space in the abdomen for all the ovarioles to mature 
eggs. As a result some ovarioles deteriorate until the abdomen can 
accomodate the batch of eggs. Recently, Bennettova & Fraenkel (1981) 
tested this hypothesis in relation to the control of ovariole number 
in Phormia and Sarcophaga and the developmental stage at which it is 
determined. On the contrary; they found that ovariole number was set 
early in the pupal stage and was determined by the size of the larva 
at pupation. The same may be true of Dacus.
Several studies of the response of animals and plants to 
increased density or other environmental stresses have revealed 
little plasticity in egg or seed size (Stearns 1976, Wilbur 1977, 
Harper 1977). Harper (1977) comments that "plants respond to stress 
phenotypically by varying almost every other component of yield 
before seed size is affected" (p.664). In D .tryoni and D.jarvisi the 
size of mature eggs remained constant over a broad range of body 
sizes, at the expense of the number of ovarioles. In section 4.4
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where I crowded larvae during their development, a change in adult 
body weight of 63-66% was accompanied by in a change in egg length of 
only 1-2 %. Egg size was also constant in several of the other 
species, though the range of body sizes examined was limited. This 
independence of egg size and body size within a species has also been 
noted in other insects (eg. Lucilia cuprina, Webber 1955,
D .melanogaster, Roff 1981 and several species of Lepidoptera, Gruys 
1970) and suggests that egg size is a strongly canalised character. 
The egg size characteristic of each species of Dacus may represent an 
optimum size at which viable larvae can be formed, which is balanced 
by the need to spread reproductive investment between many eggs 
(Wilbur 1977). Maximum egg size may also be limited by physical 
restrictions imposed by the structure of the ovipositor.
One attribute which was related to egg size was the time
required to hatch. The large eggs of P.cucumi3 hatched most rapidly,
but there was relatively little difference between the other seven
species studied. Whether the reduced period of egg development is
advantageous to the survival of D.cucumis larvae is not known. Eggs
of another cucurbit specialist, D.cucurbitae, also hatch more rapidly
othan other species of Dacus (27.5 hours at 25 Messenger & Flitters 
1958). Perhaps some chemical or physical attribute of cucurbit fruits 
has selected for large, rapidly developing eggs which may result in 
more rapid development through the larval stage. In Chapter 2,1 
showed that D .cucumis larvae can complete development in 5 days in a 
favourable host. This is at least 2-3 days faster than any other 
species of Dacus. The fruits of most wild cucurbits contain toxic 
secondary compounds (Cucurbitacins) which are thought to have evolved 
as defences against feeding by phytophagous insects (Metcalf et al 
1980). Carroll and Hoffman (1980) have shown that defensive secondary 
compounds are mobilised to leaves of a cucurbit, when they are damaged 
by insect herbivores. Perhaps a similar, though less rapid, response 
also occurs in cucurbit fruits. Large eggs which hatch quickly may 
thus allow D.cucumis larvae to attain a size at which they are able 
to tolerate defensive changes in the fruits which may follow 
infestation by the fly.
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4.63 Life history comparisons among species of Dacus.
Stearns (1976) has reviewed the large literature on the 
evolution of life history traits and their combination into "life 
history strategies". Classical theory states that, under the 
influence of natural selection, individuals should adopt patterns of 
reproduction which maximise their contribution to future generations 
(Williams 1966). Theoretical treatments have suggested that 
particular combinations of life history traits coevolve in response 
to the average density of the species in relation to resources (r and 
K selection, Macarthur and Wilson 1967, Pianka 1970), to the 
availability or predictability of food or other resources and to the 
patterns of mortality on juvenile and adult populations (Stearns 
1976). A major aspect of these studies has been the examination of 
selective factors involved in the allocation of resources to 
producing many, small propagules or fewer, large ones (Wilbur 1977). 
It is assumed that there is a trade-off between propagule size and 
number (Williams 1966, Stearns 1976) with the allocation of energy 
being dependent on a number of factors involved in the predictability 
of the environment and schedules of mortality.
The life history strategies of fruit flies should be responsive 
to the dependence of larval survival on adult behaviour during host 
selection, the abundance and dispersion of larval resources, the 
discrete and ephemeral nature of each fruit and the unpredictability 
of resource abundance as well as patterns of adult and larval 
mortality. In Section 4.5; I showed that there is considerable 
variation between several species of Dacus in one life history 
feature; the number of ovarioles, which probably reflect differences 
in the potential fecundity of each species. There were also 
differences in the investment in individual eggs as evidenced by the 
differences in egg size, and for D.tryoni and D.jarvisi at least, 
some difference in average clutch size. These results indicate that 
generalist species have higher fecundity than specialists and their 
investment in each clutch of eggs may be lower. These patterns also 
seem to be broadly supported by data on other Tephritids. Table 4.11 
lists the lifetime fecundity and average clutch size for a number of
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tephritids drawn from the literature. Most of these studies are based 
on laboratory experiments and thus they probably represent the upper 
limit of fecundity for each species. The few examples of estimates of 
fecundity in the field support this (eg. R.pomonella). While 
comparisons between species are hindered by different nutrition and 
maintenance practices some general trends seem apparent. In general 
the highly polyphagous species of Dacus are more fecund than the more 
specialised species of Dacus and the temperate species of Rhagoletis. 
Moreover most species of Rhagoletis and Anastrepha lay clutches of 
one egg whereas most Dacus, apart from D.oleae, lay eggs in groups of 
between 4 and 40 eggs. Here I attempt to explain the significance of 
these differences in life history characteristics in terms of the 
predictability and abundance of resources for different species.
A few comparative studies of fecundity in groups of insects have 
suggested different selective mechanisms favouring high or low 
fecundity. Price (1973,1974,1975) examined the potential fecundity in 
Ichneumonid wasps and Tachinid flies. Fecundity, as indicated by the 
number of ovarioles, was negatively correlated with the stage of the 
host in which oviposition occurred. Species which attacked early 
stages (eggs) had higher fecundity than those attacking later stages 
(pupae). Price (1973) reasoned that ovariole number was inversely 
related to the probability of survival to maturity of the progeny. He 
concluded that the major determinants of fecundity in parasitoids are 
the probability of finding a host (as indicated by its abundance) and 
the probability of survival of larvae once established in the host. 
This is the essence of the "balanced mortality" hypothesis which 
predicts that when the risks in exploiting a resource are high, 
fecundity will be correspondingly high to balance the high levels of 
juvenile mortality (Cole 1954, Skutch 1967, Price 1974).
Kambysellis and Heed (1971) examined differences in fecundity 
(as indicated by ovariole number) in a group of Hawaiian 
Drosophilids. They identified three broad groups of species. In one 
groups the larvae developed in flowers, which were a rare and ephemeral 
resource which provided low quality nutrients. These flies had few 
ovarioles and produced large eggs which were laid singly. Those
Table 4.11. Fecundity and clutch sizes of various species of Tephritidae.
Subfamily Dacinae.
Species of fly Host
Relationships
Lifetime
Fecundity
Clutch
Size
Reference
D.tryoni Polyphagous 1000 4-6 This study
ft
it
4
4
Pritchard (1967) 
Eisemann (1980)
D.dorsalis Polyphagous 1200-1500 3-15 
(Max. 136/day)
Christenson & 
Foote (1960) 
Bess & Haramoto 
(1961)
D.cucurbitae Oligophagous 1000 1-40 Back, & Pemberton 
(1917) *
D.oleae Monophagous 200-400 
(7-12/day)
1 Christenson and 
Foote (1960) 
Economopoulos 
et al ( 1976) 
Economopoulos and 
Tzanakakis (1967 ) 
Tzanakakis et al 
(1967) 
Tsiropoulos 
(1977)
D.cucumis Oligophagous 718
(Max. 74/day)
Vuttanatungum 
and Hooper (197 4)
D.jarvisi Oligophagous 400-600 10-15 This study
Subfamilies Trypetinae and Tephritinae.
Ceratitis Polyphagous 800-900 1-8 Back &
capitata (300 in field) Pemberton (1917 )* 
Shoukry & Hafez 
(1979)
Carey (1982 ) 
Prokopy et al 
(1976)
Ceratitis 
rosa
Polyphagous 10-20 Orian & Moutia 
(1960)
Table 4.11 (cont)
Rhaqoletis sp.
Rhagoletis
pomonella
Rhagoletis
completa
Rhagoletis
cerasi
Anastrepha
suspensa
A, ludens
A. fraterculus
Oligophagous
Oligophagous
Monophagous
Polyphagous
Polyphagous
Polyphagous
300-400 1
300-400 Lab. flies 
5-6/day
100-200 wild flies
400-600 15
50-60 1
260
(10/day)
138 (wild flies) 
320 (lab. flies)
1
1400
400
1770
1
Boiler & Prokopy 
(1976)
Neilson & Wood 
(1966)
Neilson (1976) 
Cameron &
Morrison (1977) 
Webster et al 
(1979)
Neilson et al 
(1981)
Tsiropoulos (1981)
Christenson & 
Foote (1960) 
Boiler & Prokopy 
(1976)
Christenson &
Foote (1960)
Prokopy 5 Boiler 
(1970)
Leppla et al 
(1976)
Prokopy et al 
(1977 )
Rhode (1957) *
McPhaill & Bliss 
(1933) *
Engelman (1970)
Christenson & 
Foote (1960)
* _ in Christenson & Foote (1960 ).
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species which utilised abundant resources, rich in larval nutrients, 
such a decaying leaves and fruits, had many ovarioles, produced small 
eggs and laid them in groups. They concluded that differences in 
fecundity reflected differences in the abundance and nutritional 
content of larval resources. Montague et al (1981) point out that 
resources of the most fecund of these species are also less 
predictable than those of the flower feeding species.
Recently Tallamy and Denno (1981) examined the life history 
strategies of four lacewings with contrasting patterns of resource 
availability and host specialisations. They found differences between 
species in per capita fecundity, clutch size and number, and egg size 
which were inconsistent with predictions of the three main bodies of 
life history theory they addressed; r and k selection, "balanced 
mortality" hypothesis, bet hedging or spreading of risk. They 
conclude that fitness may be maximised in the same environment in 
many ways involving several combinations of life history traits.
For the species of Dacus discussed here, there is no comparative 
data on relative abundance of hosts, age specific mortality of larvae 
or adults, or dispersive ability for any species, apart from 
D .tryoni (Bateman and Sonleitner 1967, Bateman 1968, Bateman 1976, 
Fletcher 1973,1974). Some studies of mortality schedules in other 
tephritids have revealed considerable mortality of larvae and pupae 
(Bateman 1976, Cameron and Morrison 1977, Neilson 1967) and indicate 
that both generalist and specialist species may suffer high mortality 
in the immature stages. Sources of this mortality include the 
deficient quality of the fruit tissue, attacks by hymenopterous 
parasites, changes in the ripeness of fruits and infection of fruit 
with pathogenic fungi (Bess & Haramoto 1961, Reissig 1979, Cameron & 
Morrison 1977, Bower 1977, Kapatos et al 1977b, Pappas et al 1977, 
Pree 1977, Bigler 1980, Bigler & Delucchi 1981 a,b). Levels of larval 
and pupal mortality of 60-90% are common. Cameron and Morrison (1977) 
concluded for R.pomonella that population size was determined by 
mortality of the juvenile stages rather than natality, but Kapatos et 
al (1977a) conclude just the opposite for D.oleae. A further major
cause of mortality for tephritid larvae, which has rarely been
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quantified, is ingestion of the fruit which contains the larvae by 
frugivoruous vertebrates. Herrera (1982a) comments that "for
phytophagous insects ....  mature fruits are not a safe place to
live, for they characteristically advertise themselves and become a 
target for feeding vertebrates'^ p.222). Bigler & Delucchi (1981a) 
found that on average 62.2 % of D.oleae larvae in oleasters (wild 
olives) die in the early instars, but birds ingest about 80% of the 
mature fruit and automatically remove a large portion of the 
remaining larvae (Bigler & Delucchi 1981b). Crome (1975a) also 
comments on the ingestion by fruit pigeons of fruits containing fruit 
fly larvae. These high levels of larval mortality suggest that the 
probability of survival of tephritid larvae in individual fruits may 
be low and there should be strong selection for females to produce 
many eggs and to disperse them among several fruits.
Three factors may explain the higher fecundity of generalist 
species of Dacus. Firstly, although no estimates of the relative 
abundance of different species of fruit are available, it seems 
reasonable to assume that the seasonal abundance of resources in a 
local area would be higher for a generalist than for a specialist. 
Where resources are abundant selection should favour higher fecundity 
so as to exploit these resources efficiently (Price 1974, Tallamy & 
Denno 1981).
Secondly, although resources may be more abundant overall for 
the generalist, the predictability of finding a suitable patch may be 
lower for individuals of a generalist species than for a specialist. 
That is, there may be greater variance between individuals in the 
probability that they will locate suitable hosts. This is because the 
life cycle of the specialist can be synchronised with its host and 
females can locate patches of the host more precisely by responding 
to host specific cues. The generalist; on the other hand, may locate 
patches by wide ranging random dispersive movements and many females 
may not locate suitable hosts. The resulting variance in reproductive 
success between individuals should favour high fecundity to allow 
rapid exploitation of ephemeral patches when they are found.
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Thirdly, as a consequence of their non-specific host selection 
mechanism, female D .tryoni or D.dorsalis will readily oviposit in any 
fruit which is not specifically deterrent to them (Chapt. 8). This is 
true even if the fruit is not suitable for larval development (May 
1963, Hely et al 1982). Native fruits, to which specialised species 
have adapted, may vary widely in their suitability for development of 
the generalised species (Fitt 1981a, Chapt. 2). Native fruits may be 
much better defended against damage by insect larvae than are 
cultivated species (Hererra 1982a). Females of generalised species 
may often make "oviposition mistakes" in the field which would not be 
revealed by collections of native fruits. Hence when a female of a 
generalist species deposits eggs into a fruit, the probability that it 
is suitable for development of her progeny will be lower than for a 
specialist which responds to cues specific to its particular host. 
Again, selection should favour higher fecundity and lower clutch size 
in generalists, so that eggs may be dispersed among many fruits.
The factors controlling the evolution of clutch size are 
interrelated with those controlling fecundity (Stearns 1976). An 
assumption of classic life history theory is that clutch size should 
maximise the number of progeny which survive. A female Dacus may 
carry a large number of mature eggs (Chapt. 8). Having located host 
fruits she could divide these among one large clutch or several small 
ones. However, when the survival of entire clutches is unpredictable, 
small clutches should be favoured because the risk of mortality is 
spread among many clutches deposited in different sites (Stearns 
1976, Wilbur 1977, Tallamy & Denno 1981). As I noted earlier, larval 
mortality in individual fruits may be high and females of all 
tephritids distribute their eggs among many resource units 
irrespective of the degree of host specialisation (Table 4.11). This 
behaviour is equivalent to "spreading of risk" as applied to animal 
populations by den Boer (1968). However, among tephritids the maximum 
clutch size may be independent of the predictablity of larval 
survival because of the limited carrying capacity of individual 
fruits. Species which are monophagous on small hosts, which support 
the development of only a few larvae, should lay small clutches. This 
pattern is seen in most species of Rhagoletis, which have specialised
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on small temperate fruits which support only one or two larvae (Bush 
1966). Similarly, the specialist D.cacuminatu3, lays clutches of only 
2-3 eggs in fruits of S.mauritianum which weigh only 1-2 grains (pers. 
obs), whereas D.jarvisi lays clutches of 10-15 eggs in its much 
larger host, P .careya.
Female D.tryoni also lay small clutches, even though the 
carrying capacity of most cultivated fruits (eg. peach) is high. 
However, despite the fact that D .tryoni now infests many cultivated 
fruits, its life history has evolved in the context of utilising a 
wide range of native fruits, which vary considerably in both size and 
suitability for the development of larvae. It is not known at present 
whether there is genetic exchange between the populations of 
P.tryoni which infest cultivated fruits and those which still infest 
native fruits, but if this were the case, then the life history 
should be tailored to suit the extremes within the entire range of 
fruits utilised, rather than the optimal host.
Consequently the life history strategies of generalist and 
specialist species, and the range of potential fecundity seen in 
species of Dacus, may be related to the breadth of the host range and 
differences in the specificity of host selection behaviour. These 
factors influence the abundance of resources and the predictability 
of larval survival. While generalists, such as D.tryoni and 
D .dorsalis}have evolved a strategy of non specific oviposition, high 
fecundity and small clutches in the context of native fruits, this 
may have preadapted them to rapidly exploit large patches of poorly 
defended, abundant, cultivated fruits.
Clearly much more data is needed on the fecundity and clutch 
size in the field, age specific mortality and dispersive abilities of 
generalist and specialist Dacus, to clarify the apparent differences 
between species in potential fecundity.
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Chapter 5. The influence of larvae of D.tryoni on the growth and 
development of larvae of D.jarvisi in fruits and artificial media.
5.1 Introduction.
One possible way in which D.tryoni may influence the abundance 
of other species of Dacus, and thereby perhaps exclude them from 
cultivated fruits, is that D.tryoni larvae may reduce the survival of 
larvae of other species when they occur together in the same fruits. 
This chapter describes an investigation of the survival and 
development of larvae of D .tryoni and D.jarvisi when alone or 
together in various combinations of age, relative frequency and 
spatial arrangement at densities which are similar to those found in 
the field.
The relative abundance, relative ages and dispersion of groups 
of larvae of two (or more) species within a single fruit is initially 
determined by the behaviour of the ovipositing adult in response to 
physical and chemical cues from the host or other components of its 
environment. For larvae the fruit is a closed environment which 
provides food and shelter. Unlike mobile animals, Dacus larvae cannot 
respond to adverse conditions within a fruit, such as high larval 
density or the presence of antagonistic species, by moving to a new 
feeding site. Larvae may move extensively within the fruit and in 
large fruits, larvae of different species could possibly segregate 
from one another. In small fruits it is unlikely that larvae of 
different species could avoid interacting with one another. Bower 
(1975) found, for D .tryoni, that in some fruits (peaches) the initial 
movement of larvae was towards the centre where they fed around the 
seed. Thus even in large fruits, larvae of two species whose eggs 
were originally deposited in opposite sides of the fruit may quickly 
meet in the centre.
D.tryoni larvae may influence the survival or growth of larvae 
of another species feeding in the same fruit in two ways. Firstly, 
when larvae are numerous, D .tryoni larvae may grow so quickly that
they consume all the available food before larvae of the other
87
species are able to complete development. Secondly D.tryoni may 
produce growth inhibitors or toxins which directly influence the 
survival of other species. In both cases it is important to determine 
whether D .tryoni larvae have a greater influence on the survival or 
growth of larvae of other species than on their own species. This is 
the main purpose of the experiments described here.
Many laboratory studies of intraspecific and interspecific 
competition among insect larvae (of Drosophila, blowflies, grain 
beetles, houseflies) have investigated the influence of increasing 
density on growth and survival under conditions where food becomes 
limiting (Park 1938; Gruys 1970; Andrewartha & Birch 1954 p.368-382; 
Barker 1980; Bryant & Sokal 1967). These studies have shown that when 
the density of larvae is high, mortality is increased and growth rate 
is decreased. The resulting adults are often smaller than usual. When 
food is limited, the species which colonises the food first or has an 
intrinsically higher growth rate is usually favoured. These studies 
rarely consider whether the densities used are applicable to the 
field, though there are some exceptions. For example, Fellows & Heed 
(1972) showed that at relatively low densities in natural foods, 
larvae of Drosophila nigrospiracula reduced the survival and sire of 
D.arizonensis. On the other hand some studies have shown that larvae 
of different species may have higher survival when both are present 
in the same food. Bos et al (1977) showed that larvae of Drosophila 
melanogaster and D.3imulans "facilitated" one another's development 
in a medium which was deficient for both species when alone.
Studies with species of Tephritidae have also investigated the 
influence of increasing density, usually with the aim of determining 
the most efficient density for mass rearing. Manoukas (1980) studied 
the growth and survival of D.oleae in artificial medium at densities 
of 10-60 larvae/ gm. Similarly Debouzie (1977) studied the 
performance of Ceratitis capitata over a number of generations when 
food for larvae was held constant and densities became high. These 
studies showed the usual relationships of a decrease in size and an 
increase in mortality as density increased but they have little 
relevance to field situations.
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Plan of experiments.
Larvae of two species of Dacus may interact in fruits in a 
number of combinations of relative age, density, and positions within 
the fruit. The experiments were designed to examine the survival and 
growth of D .tryoni and D,jarvisi, when alone or together, when both 
species entered the fruit simultaneously and when one species had a 
head start. The experiments were done in several fruits and in 
artificial medium. Several species of fruit were used because the 
chemical composition of the larval medium may alter the way one 
species influences another, particularly when there are differences 
in the age of larvae. There are three sections. Section 1 (5.3-5.4) 
examines the influence on larval survival of the order of infestation 
and the initial position of larvae within fruits and the dispersion 
of larvae within a fruit when two species are together. Section 2 
(5.5) examines the survival of larvae in infestations of two species 
where the initial ratio of species was varied to determine whether 
survival was frequency dependent. Section 3 (5.6-5.7) presents a 
series of experiments designed to examine one aspect revealed by 
experiments in section 1, namely the low survival of young larvae in 
fruits containing older larvae.
The null hypothesis tested in all the experiments was that:
"the influence of one D.tryoni larva on the survival of D.jarvisi 
larvae is equivalent to the influence of an additional D.jarvisi 
larva and vice versa".
The basic design was to compare the % survival of each species 
when alone to that when mixed with the other species, at the same 
total density. For example,
Controls Experimental 
30 D.jarvisi
Controls
60 D.jarvisi 60 D.tryoni
30 D .tryoni
Compare % Compare %
survival survival
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Thus in the experimental infestations (with the species in a 1:1 
ratio) the intraspecific density of each species was half that in the 
controls of each species alone.
Larval Density
In most experiments the initial density was 1 larva/gm. of fruit 
or medium, though in the first series a density of 4/gm was also used 
in peaches and artificial medium. The effects of higher densities on 
survival and growth were not investigated because they have little 
relevance to the field situation. Bateman & Sonleitner (1967) 
observed maximum larval densities of only 1 larva/30gm of fruit 
(based on counts of pupae/fruit) in a field study of D.tryoni. They 
comment that this is ’’far below the level of one larva per gram which 
is about optimal for this species in laboratory cultures, and only a 
minute fraction of the density of 5-10 larvae/gm which we regard as 
crowded” (p.331). Similarly, Bower (1975) found a density of 0.5-1.0 
larvae/gm. was suitable for high survival of D .tryoni larvae in 
several fruits. Gibbs (1965) reared an average of 0.04-0.58 adult3 
per gram of fruit in field collections of six hosts of D.tryoni and 
D .neohumeralis, while between 0.10-0.70 adults were reared per gram 
of fruit in ray field collections of guavas (Chapter 10). The maximum 
density from a single fruit was 1.40 adults/gm. Certainly it is true 
that in some native fruits, the density of larvae may be quite high 
(3-4/gm, App. Table 10.3), but this is unusual in cultivated fruits.
I therefore considered that a density of 1 larva /gm. would be 
representative of the average density which might occur in the field.
5.2 General Materials and Methods.
All experimental infestations commenced with newly hatched 
cohorts of larvae derived from laboratory cultures of D .tryoni and 
D.jarvisi. The use of newly-hatched larvae, rather than eggs, to 
initiate infestations obviated the need to determine the hatch rate 
of different batches of eggs and allowed initial densities of larvae 
to be consistently and accurately established.
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To start an experiment large numbers of eggs were collected from 
laboratory stocks over a brief period (1-2 hours) as described in 
Chapter 2. This ensured that hatching was relatively synchronous and 
that an even aged cohort of larvae was produced. Eggs of both species 
hatch in 46-48 hours at 25° (Chapter 4). Eggs were held on 
moistened filter paper in glass petri dishes until hatching. Larvae 
were then counted and transferred to fruits using a fine moistened 
camel hair brush.
Each fruit was infested by removing a plug of tissue (about
lxlxl cm.), adding larvae to the resulting cavity and replacing the
original tissue. Usually the fruit tissue within the hole was
scarified with a scalpel to assist the initial penetration of larvae
into the fruit. Experiments involving the artificial medium (App.
Table 2.1) used replicates of 50g, held in small plastic pots. Newly
hatched larvae were placed on squares of moistened filter paper on
the surface of the food. After inoculation, each fruit or pot of
medium was held in an individual container over a bed of sawdust,
sterilised to reduce the risk of fungal infection of the fruit, at a
oconstant temperature of 25 and 75% R.H.
In most of the initial experiments I used whole fruits (banana, 
apricot and peach). All fruits used in an experiment were from a 
single batch of similar size and ripeness. They were thoroughly 
washed before use and there was little indication that insecticide 
residues affected survival in any experiment. In later experiments I 
used sections of banana (about 3 cm long) instead of whole fruits. 
Banana is a suitable host for both species when mature and in 
contrast to the stone fruits, was available all year round. One of 
the cut surfaces was placed on a glass petri dish. Larvae were then 
added to slits in the other surface. Pilot studies showed that larvae 
survived as well in the fruit sections as in whole fruits. The 
technique produced highly repeatable results and also allowed greater 
replication at less cost.
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Section 1: The influence of the order of infestation and the
relative position of larvae in fruits on the survival of D.jarviai 
and D.tryoni when alone or together.
5.31 Methods.
To investigate the importance of the relative position of larvae 
within fruits and of differences in age between cohorts I used four 
experimental treatments to simulate the possible arrangements of 
larvae in space and time. These are outlined below and shown 
diagrammatically in Figure 5.1. Throughout the text and figures I use 
"J" to signify D.jarvisi and "T" to signify D.tryoni.
Treatment A . In this treatment all larvae, whether of one or two 
species, were added to the fruit at the same time and in the same 
place. Thus larvae of equal age fed together from the start of the 
infestations.
Treatment B. All larvae were added to the fruit at the same time, but 
the cohorts of each species were placed in opposite sides of the 
fruit. In controls of each species alone, half the total number of 
larvae were placed in each side of the fruit. In this arrangement all 
the larvae were the same age but they did not interact with larvae of 
the other species immediately.
Treatment C . Larvae were all placed in the same place, but a cohort 
of one species was added 1-4 days after the other species. This 
treatment simulates the situation where a female lays eggs into an 
oviposition puncture which already contains eggs or young larvae. The 
first cohort will have an advantage in time over the second. The 
treatment was established by infesting fruits with half the intended 
number of larvae. After a given time, the remaining number of larvae 
of the other species were added. Controls of each species alone, in 
which one cohort was added after the other were also established. 
Necessarily the 2nd cohort of larvae were from a different batch of 
eggs to the first, but from the same population of flies. The null 
hypothesis tested is that: "the survival of the newly hatched larvae
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is independent of the presence of older larvae irrespective of the 
species of the older larvae".
The appropriate test of this hypothesis for D.jarvisi is to 
compare % survival of D.jarvisi in control infestations where all 
larvae are the same age to their survival when added to a fruit after 
larvae of D.tryoni or after larvae of D.jarvisi. Difficulties in 
interpreting the results of controls in treatment C (ie J added after 
J) are discussed in the results.
Treatment D . In this treatment larvae of each species were added to 
fruits at different times and in opposite sides of the fruit. Thus 
newly hatched larvae were added to fruits containing older larvae but 
they did not interact with them immediately. Controls for this 
treatment are similar to those described for treatment C and 
difficulties in their interpretation are the same.
For treatments C & D, I established infestations of D.jarvisi 
added after D.tryoni and vice versa. When discussing the four 
treatments outlined above I use the notation;
J + T to signify J & T added to a fruit at the same time (AJ+T, BJ+T)
J / T to signify T added after J (CJ/T, DJ/T)
T / J to signify J added after T (CT/J, DT/J)
and J/J, T/T for one cohort of larvae added after a cohort of the
same species.
Experiments were done with three fruits (peach, banana and 
apricot) and in artificial medium. The treatments are shown in Table 
5.1. All four treatments were established in bananas and apricots but 
because larvae can move easily throughout artificial medium I did not 
attempt the treatments involving spatial separation of cohorts (B &
D) in this medium. The experiment in peaches was established first 
and at that time I did not consider treatments B & D nor the controls 
CJ/J and CT/T.
Figure 5.1. Experimental arrangements of D.tryoni and 
D.jarvisi larvae in fruits used to investigate the influence 
of the separation of cohorts in space and time on survival of 
each species.
F i g u r e  5-1
93
Analysis of data.
All experiments were designed to be suitable for 2 or 3 factor 
Analysis of Variance. Data on percentage survival was transformed to 
arcsines prior to analysis to normalise the data and remove 
heterogeniety of cell variances. Por each experiment the analyses 
compare the % survival of each species in a range of treatments. For 
example, for D.jarvisi the factor "treatments" involves comparisons 
of the survival of this species when alone (controls in treatments 
A,B,C,D), when added to a fruit at the same time as T (AJ+T, BJ+T), 
when added before T (CJ/T, DJ/T) or added after T (CT/J, DT/J) (and 
similarly for D .tryoni ).
Table 5.1. Scheme of Experiments to determine the importance of the 
relative ages and positions of larvae within fruits on the survival of 
D.jarvisi and D .tryoni when alone or mixed.
Type of Density of Treatments Time between cohorts Replicates/
Medium larvae/g. (described in text) in treatments C & D. treatment
Peach 1.0 & 4.0 A, C* 2 days 6
Banana 1.0 A, B, C, D 4 days 5
Apricot 1.0 A, B, C, D 2 days 6
Artificial 1.0 & 4.0 A, C 4 days 5
Treatment
A B C D
Each cohort added at same time y — —
Cohorts added at different times - - V y
Cohorts in same place y - y -
Cohorts in different places - y - y
* Controls CJ/J and CT/T not established.
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5.32 Results.
Table 5.2 shows the percentage of pupae which emerged ¿is adults 
in each treatment of each experiment. Pupal survival was invariably 
high (>90%). Thus the majority of the mortality discussed in the next 
sections occurred during larval development.
5.321 Survival of each species in Peaches.
There was no difference in percentage survival between species 
or between densities (App. Table 5.1A). There was however, a highly 
significant effect of treatments (p<0.005) and an interaction between 
treatment and densities (p<0.05). SNK tests on the differences in 
percentage survival between treatments (pooled over species) showed 
that, at both densities, (i) in mixed infestations of equal aged 
larvae the survival of each species was high (70-80%) and was not 
significantly different from that in controls of each species alone 
(Fig. 5.2) and (ii) the survival of newly hatched larvae added to 
fruits containing 2 day old larvae (of the other species) was 
significantly lower than in the other three treatments. At a density 
of 1 larva/gm, only 12.7% of D .tryoni and 45.2% of D.jarvisi larvae 
survived when added to a fruit two days after the other species. At 
the higher density (4.0 larvae/gm) only 16.0% of D.tryoni and 16.4% 
of D.jarvisi survived when they were added after a cohort of the 
other species.
5.322 Survival in Bananas & Apricots.
In bananas and apricots the results were similar (Figs. 5.3 & 
5.4, App. Table.5.1 B&C). When larvae of each species were added to 
fruits at the same time and place (AJ+T) or the same time but 
different places (BJ+T) their survival was not significantly 
different from that in controls. However, the survival of newly 
hatched larvae added to fruits containing 2-4 day old larvae was 
significantly reduced. Dissection of the fruits, after all larvae had 
completed their development, did not show dead 2nd or 3rd instar 
larvae, which suggests that most of the mortality of the 2nd cohort
Figure 5.2. The percentage survival from larva to adult of 
D. jarvisi and D.tryoni in peaches at two densities when alone 
(A), mixed together at the same time (J+T), or when one 
species has a head start of 2 days over the other (J/T, T/J). 
Pronumerals indicate significant differences among means at 
each density.
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may have occurred soon after they were added to the fruits. As 
Figures 5.3 and 5.4 show the % survival of larvae in the controls of 
each species alone for treatments C & D (CJ/J, CT/T etc) were 
slightly, though not significantly, lower than in treatments A & B. 
These values represent the combined survival of the first and second 
cohorts of larvae. To determine whether the survival of newly hatched 
larvae was also influenced by the presence of older larvae of their 
own species it is necessary to compare the survival of, for example, 
D.jarvisi in the CT/J treatment with the survival of the 2nd cohort 
of D.jarvisi in the CJ/J treatment. In practice, however, this 
comparison is complicated by difficulties in distinguishing, for the 
CJ/J treatment, which adults came from each cohort of larvae. The 
development time for larvae within a cohort may vary by 2-3 days.
Thus I could not validly separate the cohorts by their time of 
emergence. I did, however, estimate the survival of the 2nd cohort in 
these controls in the following way. In treatments C & D the survival 
of the first cohort of D.jarvisi and D .tryoni was not influenced by 
the addition of newly hatched larvae of the other species (Figs. 5.3 
& 5.4). It seems reasonable to assume, therefore, that the survival 
of the first cohort of D.jarvisi in treatment CJ/J would not be 
influenced by the addition of newly hatched D.jarvisi and would thus 
be similar to that of D.jarvisi in treatment CJ/T. Based on this 
assumption I estimated the survival of the second cohort of larvae in 
the CJ/J treatment as :
Total survival - survival of J = survival of 2nd cohort of J 
in CJ/J in CJ/T in CJ/J
An example calculation is given in Table 5.3 which also shows 
the calculated % survival of the first and second cohort in the 
controls of each species alone for treatments C & D. From these 
calculations it seems that the survival of young larvae of both 
species was also reduced in presence of older larvae of their own 
species.
In treatment D, despite the initial separation of cohorts in the 
fruit, the survival of the 2nd cohort was also significantly lower
Table 5.3. Mean survival of the second cohort of larvae added to 
fruits or artificial medium in single species infestations
of treatments C £ D.
Survival of 1st cohort is assumed from survival of J in CJ/T or DJ/T 
and T in CT/J and DT/J. Survival of 2nd cohort estimated as shown 
below.
Species of fly
D. jarvisi D.tryoni
Type of medium
CJ/J
1st 2nd
DJ/J
1st 2nd
CT/T
1st 2nd
DT/T
1st: 2nd
Banana 61.7 12.1 44.3 41.0 83.5 8.5 88.1 20.5
Apricot 7 ? * 49.6 32.1 94.2 15.3 63.1 25.4
Artificial 1/g. 70.0 80.4 - - 64.0 93.6 - -
4/g. 72.2 46.0 - - 70.8 45.2 - -
* very low survival - 11.1% (App. Table 5.1C ) .
Example calculation to estimate the survival of second cohort of
D.jarvisi in CJ/J treatment in bananas.
(Observed survival of D.jarvisi in CJ/T = 61.7%)
Rep. No. larvae added Total no. Estimated no. from % survival of
No. 1st 2nd adults 1st 2nd 2nd cohort
(1) (2) (3) (4) (5 ) (6)
1 30 30 24 18.5 5.5 18.3
2 25 25 16 15.4 0.6 2.4
3 30 30 25 18.5 6.5 21.7
4 30 30 24 18.5 5.5 18.3
5 35 35 18 18.0 0 . 0 0 . 0
Mean 12.1
Column 4 = column (1) x 0.617 
Column 5 » column (3) - (4)
Column 6 = column (5) - (2) x 100%
Figure 5.3. The percentage survival from larva to adult of 
D.jarvisi and D.tryoni in bananas when alone (J & T ), mixed 
together at the same time (J+-T) or where one species has a 
head start over the other (J/T, T/J). Treatment A - both 
species added at same time and place, Treatment B- both 
species added same time but in opposite sides, Treatment C- 
species added in same place but one species before the other, 
Treatment D- species added on opposite 3ides and one before 
the other. Pronumerals indicate significant differences 
between means for each species.
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than in controls of treatments A & B (Fig. 5.3 & 5.4). This was true 
in both species of fruit. Even so it is noticeable that the % 
survival of the 2nd cohort in this case was higher than in treatment 
C and for D.tryoni this difference was significant (Fig.5.4). Thus 
for D.tryoni at least the initial separation of cohorts resulted in 
an increase in survival of the second cohort.
Measurements of the weight of individual fruits, after all 
larvae had completed their development, showed an average loss in 
weight for peaches of between 50% and 70% (for densities of 1 larva/g 
and 4 larvae/g respectively) and 30% for bananas (larval density 
1/g). Although the tissue which remained may no longer have been 
suitable for the development of larvae these measurements showed that 
all the available fruit tissue was not consumed in any treatment.
5.323 Survival in Artificial Medium.
The artificial medium used to culture species of Dacus (App. 
Table 2.1) is particularly rich in nutrients and densities of 4-5 
larvae/gram can be accomodated with little influence on the survival 
of larvae or adult size. By contrast, fruits are relatively low in 
nutrients (Chapter 2), particularly protein and amino acids. Initial 
studies with the complete artificial medium, using treatments A & C, 
showed no influence of one species on the growth or survival of the 
other, even when there was a difference in age of 4 days between 
cohorts. Most of the nutrients in this medium are provided by the 
enzymatic hydrolysate of yeast. In an attempt to make the artificial 
medium more similar to fruits with respect to the concentration of 
nutrients, I repeated these experiments with a depleted medium which 
contained only one tenth of the normal concentration of enzymatic 
hydrolysate of yeast.
At a density of 1 larva/g in the depleted medium there was no 
influence of either species on the survival of the other, even when 
cohorts differed in age by 4 days (Fig. 5.5, App. Table 5.ID). At the 
higher density (4/g) there was also no influence of one species on 
the other in infestations where larvae were all the same age, but the
Pigure 5.5. The percentage survival of D.jarvi3i and 
D .tryoni at two densities in artificial medium when alone, 
mixed at the same time or when one species has a head start 
over the other. Pronumerals indicate significant differences 
among means for each species at each density.
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survival of D.jarvisi was significantly lower in the presence of 
older D .tryoni (Pig. 5.5) and older D.jarvisi (Table 5.3). Percentage 
survival of D.tryoni was significantly lower in all three 
arrangements of treatment C (CJ/T, CT/J, CT/T) than when alone in 
treatment A, but the difference was not great (Fig. 5.5) and the 
effect was not as pronounced as in fruits.
5.324 Duration of development of larvae of each species when alone
or together.
For the experiments with bananas and artificial medium I 
calculated the mean time for development from larva to adult in each 
replicate from daily records of adult emergence.
Analyses of the differences between treatments in developmental 
time for each species (App Table 5.2A) showed that in bananas there 
were significant differences between the species of fly (p<0.005) and 
between treatments (p<0.005) and also a significant interaction 
between the two main effects (p<0.005). When larvae were added to the 
fruit 4 days after another group their duration of development was 
significantly shorter, by 1-3 days, than in other treatments, though 
few of these larvae survived (Section 5.322). There was no difference 
in the time for development of each species in the other treatments. 
Within treatments there was little variation between replicates in 
the mean time for development (Table 5.4).
In the artificial medium, as in bananas, the duration of 
development of the second cohort in treatment C was significantly 
shorter, by 1-2 days, than in other treatments (Table 5.4, App. Table 
5.2B).
The reduction in the duration of development may result from a 
shorter period of larval development or a shorter period of pupation, 
though the former seems more likely. In view of the reduced survival 
of the second cohort of larvae, in bananas, it seems surprising that 
the rate of development of the survivors had apparently increased. It 
may be that those larvae from the second cohort which developed
Table 5>4. Times for development (in days) from larva to adult for 
D.jarvisi and D.tryoni when alone or together in banana or artificial 
medium when all larvae are added at the same time or one species is
added before the other.
Medium : Banana
Treatment
Development A B C D
time of: Alone J+T Alone J+T J/T T/J J/T T/J
D.iarv. 21.4 a 
(0.07 )
21.5 a 
(0.16)
21.2 a 
(0.20)
21.5 a 
(0.09)
22.0 b 
(0.15)
19.0 C 
(")
21.5 a 
(0.18)
19.1 C 
(0.07)
D.tryoni 21.9 a 
(0.09)
21.4 b 
(0.17)
21.3 b 
(0.10)
21.5 ab 
(0.07)
20.7 C 
(0.08)
21.8 ab 
(0.20)
20.7 C 
(0.17)
21.5 ab 
(0.12)
Artificial Medium Treatment
A C
Alone J+T J/T T/J
Density 1/g
D.jarvisi 21.0 a 
(0.15)
21.0 a 
(0.25)
21.0 a 
(0.10)
19.7 b 
(0.10)
D .tryoni 20.3 a 
(0.21)
20.4 a 
(0.22)
19.3 b 
(0.07 )
20.1 a 
(0.08)
Density 4/g
D. jarvisi 20.4 ab 
(0.14)
20.4 ab 
(0.06 )
20.5 a 
(0.14)
19.3 b 
(0.05)
D .tryoni 20.1 a 
(0.02 )
20.1 a 
(-)
19.8 a 
(0.12)
20.1 a 
(0.04)
Means in each row followed by different letters are significantly 
different at P=0.05.
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rapidly were the only ones which survived. Alternatively the 
survivors from the second cohort may leave the medium soon after the 
first cohort irrespective of their own stage of development in 
response to the deteriorating quality of the medium.
5.4 Dispersion of larvae of D.tryoni and D.jarvisi when together in
fruits.
Larvae of D.tryoni and D.jarvisi did not influence one another's 
survival when infestations began with cohorts of the same age. This 
may be because they consistently feed in different areas of the fruit 
eg. one species in the centre and the other closer to the surface. 
They might also avoid contact with one another if they actively 
segregate into feeding groups of one species. Casual observations of 
larval infestations do not suggest that either of these occurred; 
usually the larvae appear to feed together. Nevertheless I examined 
whether the species were segregated by monitoring the distribution of 
larvae at various times after a group of larvae began development.
5.41 Methods.
Equal numbers of newly hatched larvae of D.jarvisi and D.tryoni 
were placed in 20 whole bananas at a combined density of 1 larva/gm. 
After 36 hours I dissected 4 randomly selected fruits and removed all 
the larvae. Each fruit was divided into tranverse sections about 2cm 
wide. Larvae found in each section were placed in a pot of artificial 
medium to complete their development. The relative abundance of each 
species in each section was then estimated from the relative 
abundance of species in the adults which emerged from each pot. The 
distribution of species throughout the fruit was compared with the 
pattern expected if the species were distributed independently, using 
contingency chi-square tests. This procedure was repeated with 
dissections of a further five fruits from the original 20 on day 3 
and day 5 after initiating the infestation.
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5.42 Results.
A high proportion of the original larvae were located in the 
dissected fruits (36 hours- 75.8%, 3 days- 70.1%, 5 days- 66.7%), 
though these were not always alive (Table 5.5). Only 45.3% of larvae 
were found alive at day 5. Most sections of fruit contained larvae of 
both species and analyses showed that the two species were 
distributed independently in all but one fruit (No.3, day 5, Table 
5.5), in which they were distributed as follows:
Section 1 Section 2 Section 3
1J 3 J 8 J X2=6.40 *
4T 6T 2T
Table 5.5. Numbers of adults of each species of Dacus reared from
dissected fruits and the results of tests of independence of their 
distribution among sections of banana.
Fruit
no.
% larvae 
found
Total no. 
live larvae
Adults 
J T
Ratio
J/T
Test for 
X2 df
indep
sig.
Dissection time : 36 hours
1 81.3 65 34 30 1.18 5.40 4 NS
2 67.0 67 31 35 0.89 2.67 3 NS
3 75.0 75 36 35 1.03 0.17 1 NS
4 80.0 80 33 41 0.80 0.66 2 NS
Dissection Time : 3 days
1 37.5 30 6 7 0.86 2.42 2 NS
2 51.4 36 19 8 2.38
3 64.0 64 17 22 0.77 1.82 3 NS
4 50.0 35 12 11 1.09 3.57 1 NS
5 58.6 41 12 9 1.33 0.27 1 NS
Dissection Time : 5 days
1 22.2 20 6 1 6.00 0.88 1 NS
2 66.7 60 12 26 0.46 1.15 3 NS
3 52.5 42 12 12 1.00 6.40 2 nr
4 45.0 36 14 6 2.33 3.70 3 NS
5 40.0 40 12 9 1.33 0.31 2 NS
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Section 2. The survival of D.jarvisi and D.tryoni larvae in mixed 
infestations when all larvae are the same age but the initial ratio
of species is varied.
5.51 Methods.
To determine whether the survival of larvae in mixed 
infestations was dependent on the relative frequency of species I 
established infestations in two fruits (bananas and apricots) and 
artificial medium, using a range of initial ratios. In each case the 
combined density of larvae was 1 larva/gram. I recorded percentage 
survival of each species as before and analysed the results, after 
arcsine transformation, using two factor ANOVA where the factors were 
"species of fly" (fixed factor) and "initial ratio of species"
(random factor). The initial ratios used and the number of replicates 
of each treatment are shown in Table 5.6
5.52 Results.
When all larvae were the same age, the survival of both species 
was independent of the initial ratio of species (Table 5.6, App.
Table 5.3). This was true in both fruits and in artificial medium.
For example, when D.jarvisi larvae made up only 11.1% of the initial 
larvae (ratio of 1:8 in bananas), their percentage survival was no 
different to that in controls of D.jarvisi alone. As in earlier 
experiments the survival of D.tryoni larvae in the fruits, was 
significantly higher (by 10-20%) than that of D.jarvisi (p<0.005, 
Table 5.6). There was no difference between the species in survival 
in the artificial medium.
Table 5.6. Mean percentage survival from larvae to adult of 
D.jarvisi and D .tryoni when mixed as newly hatched larvae in various 
ratios in fruits and artificial medium.
(A) Bananas (8 replicates/ratio)
Initial Ratio of Species (J:T)
Initial
% of D.jarvisi
1:0
100
8:1
88.9
4:1
80.0
2:1
66.7
1:1
50.0
1:2
33.3
1:4
20.0
1:8
11.1
% survival of:
D.jarvisi 65.2
8.3
65.1
6.2
68.5
11.9
74.8
5.7
77.9
8.9
69.8
10.2
63.3
8.6
79.2
12.5
D .tryoni - 81.3
9.1
92.9 
4.6 .
75.3
11.4
97.5
1.6
84.9
5.5
88.3
4.6
93.2
4.7
(B) Apricots (6 replicates/ ratio)
Initial ratio of species (J:T)
Initial
% of D.jarvisi
1:0
100
5:1
83.3
3:1
75.0
1:1
50.0
1:3
25.0
1:5
16.7
0:1
0. 0
% survival of:
D.jarvisi 59.4 39.6 43.7 53.5 42.6 20.8 —
5.2 9.7 10.5 12.3 5.9 16.4 -
D .tryoni — 66.1 65.5 71.8 83.4 46.2 76.1
- 8.4 6.8 6.8 6.4 7.9 3.0
(C) Artificial medium (5 replicates/ ratio)
Initial ratio of species (J:T)
Initial 
of D.jarvisi
1:0
100
8:1
88.9
4:1
80.0
1:4
20.0
1:8
11.1
0:1
0.0
survival of:
D.jarvisi 82.4
1.2
85.0
5.3
83.0
1.8
84.0
6.0
93.3
6.7
-
D .tryoni - 88.7
9.7
88.0
3.7
97.0
1.2
93.8
2.6
95.2
1.0
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Section 3 Experimental analysis of the low survival of newly hatched 
larvae when added to fruits containing older larvae of the same or
different species.
Results in Sections 5.3 and 5.5 show that:
1. Larvae of D .tryoni and D.jarvisi have no influence on one 
another's survival or development when feeding in the 3ame fruit, 
provided all the larvae are the same age. This is true irrespective 
of the initial ratio of the two species.
2. Newly hatched larvae survived poorly in fruits which already 
contain 2-4 day old larvae of their own or a different species.
The experiments described here were designed to examine further 
the second of these results. The following hypotheses may be proposed 
to explain the poor survival of young larvae in the presence of older 
larvae:
a) "At the densities used in the experiments the supply of nutrients 
in fruits was limited. All the available resources were utilised by 
the first cohort of larvae before the 2nd cohort could complete their 
development". This hypothesis is not consistent with the absence of 
partially developed, dead larvae which might suggest they had died 
during development. Manoukas (1980) showed with D.oleae, that at high 
densities significant mortality did not occur until larvae were 4-5 
days old. He found dead second and third instar larvae in overcrowded 
pots of food. If food were limited in the experiments described here 
then the survival or size of adults from the controls should be lower 
than in the treatments where one cohort was added before the other 
but this was not the case.
b) "Older larvae produce an endogenous chemical or excretory product 
which inhibits the development of survival of younger larvae". This 
hypothesis does not seem consistent with the results in artificial 
medium where the effect did not occur. However, the excretory 
products from digestion of this medium would differ from those
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produced in fruits.
c) "Bacterial decomposition of the fruit initiated by the first 
cohort produces a degradation product (eg. ethanol) which is toxic to 
newly hatched larvae but has little effect on 2nd or 3rd instar 
larvae". This hypothesis is consistent with most experiments in 
fruit3 and with the absence of the effect in the artificial medium 
where breakdown products may be quite different from those produced 
from fruits.
d) "Reduced survival of young larvae is due to cannibalism (probably 
accidental) by older larvae feeding in the same areas of the fruit".
In an effort to distinguish between these hypotheses a number of 
experiments were conducted using sections of banana as the larval 
medium. The ratio of species in the mixed infestations was always 
1:1. I first determined whether the influence of older larvae on 
newly hatched larvae increased as the difference in ages between them 
increased.
5.61 Methods.
The survival of D.tryoni and D.jarvisi larvae was examined in 
infestations where a cohort of one species was added to the fruit 
0,1,2,3 or 4 days before a cohort of the other. Controls of each 
species alone were also established. All larvae were added to the 
same area of the fruit (Treatment C ) and the combined density was 
always 1 larva/g. There were 10 replicates of each arrangement.
5.62 Results.
Two factor ANOVA (App. Table 5.4) showed a highly significant 
effect of the difference in age between cohorts (p<0.005) and between 
species (p<0.005), but no interaction between the main effects. As 
before the survival of both species was not influenced by the 
presence of the other when all larvae were the same age or when they 
were the first cohort added to the fruits (Pig 5.6). However, their
Figure 5.6. The percentage survival of D.jarvi3i and 
D .tryoni from larva to adult in bananas, when alone and 
together, when the cohort of one species was added 1,2,3 
days before the other. Pronumerals indicate significant 
diferences between means for each species.
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survival was reduced when added after the other species and the 
magnitude of the reduction increased, though not always 
significantly, as the time between cohorts increased (Fig. 5.6). 
Survival of D.tryoni was not significantly reduced when added only 
one day after D.jarvisi, but the reduction was significant after 2,3 
or 4 days. Survival of D.jarvisi was also reduced compared to 
controls after 1,2,3, or 4 days though not always significantly. In 
the treatment where D .tryoni was added 3 days after D.jarvisi the 
mean % survival of each species was 34.3% and 52.1% respectively. 
However, for some unknown reason, two replicates produced no 
D.jarvisi at all. Survival of D.tryoni in these replicates was 80.0% 
and 57.1% compared with a mean of 26.1% in the other eight 
replicates. If these two fruits are excluded the % survival of 
D .tryoni and D.jarvisi in this treatment was 26.1% and 65.1% 
respectively.
5.7 The influence of density on the survival and growth of the 
second cohort of larvae added to fruits.
5.71 Methods.
To determine whether the poor survival of the 2nd cohort of 
larvae was due to a shortage of food I examined the survival of both 
species when alone and together using treatments A & C (Fig. 5.1) at 
four densities; 0.2, 0.5, 1.0 and 2.0 larvae/g. There were four 
treatments for each species; CJ/T, CT/J, AJ+T and control (alone, all 
larvae added at the same time) with ten replicates of each treatment. 
In treatment C the time between successive cohorts was 3 days. The 
design was a three factor orthogonal ANOVA with "species of fly" and 
"treatments" as fixed factors and "density" as a random factor. In 
addition to recording the numbers of pupae and adults produced per 
replicate I measured the wing length of up to 10 flies from each 
replicate as an indicator of body size (Chapter 4).
5.72 Results.
As in previous experiments a high proportion of pupae emerged
Pigure 5.7. Percentage survival of each species in bananas 
when alone, mixed together at the same time or when one 
species has a head start of 3 days over the other at four 
densities. (Means and SE's given in App. Table 5.5). 
Pronumerals indicate significant differences between means 
for each density.
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successfully as adults (92.1-100 %), thus most of the mortality 
occurred during larval development.
Percentage survival of each species in each combination of 
treatment and density is shown in Pigure 5.7. Survival of D.tryoni 
was significantly higher overall than that of D.jarvisi (p<0.05) and 
there was a significant difference between treatments (p<0.05). The 
factor "Density" was not significant. There was also a significant 
first order interaction between species and treatments (p<0.05, App. 
Table 5.5). Survival of D.tryoni was not significantly different in 
any treatment, even when added 3 days after D.jarvisi at a density of 
2.0 larvae/g. The results were surprising in the light of previous 
experiments where the survival of D.tryoni larvae was reduced when 
they were added to fruits containing a cohort of older larvae. This 
was also true in all experiments which follow. I can offer no 
explanation for this result and I ignore it in the discussion which 
follows.
Survival of D.jarvisi also did not vary between treatments at 
the lowest density (0.2 larvae/gm) but at the other three densities 
significantly fewer larvae survived when they were the 2nd cohort 
added. This difference between the species accounts for the 
significant "species x treatment" interaction (App. Table 5.5).
Measurements of the wing length of adults produced in each 
treatment (Fig. 5.8) were analysed separately for each species (App. 
Table 5.6). For D ♦tryoni in keeping with the surprising result for % 
survival, the analysis showed no effect of treatments on wing length. 
There was overall, a significant decline in wing length as density 
increased (p<0.005) but as Figure 5.8 shows there was much overlap 
between densities. For D.jarvisi, both factors; density (p<0.01) and 
treatments (p<0.05), were significant as was the interaction between 
them (p<0.005 ). Again there was much overlap between densities. The 
cause of the interaction is clear from Figure 5.8. At low densities 
of 0.2 and 0.5 larvae/gm. there was no difference in mean wing length 
between treatments, but at the higher densities the flies produced 
from the 2nd cohort were significantly smaller than those in
Figure 5.8. Kean wing lengths of adult D.tryoni and 
D.jarvisi reared in the treatemnts shown in Figure 5.7. 
Pronumerals in significant differences between means for each 
species across densities.
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controls. Thus the few larvae which did survive to maturity in this 
treatment also produced smaller adults which presumably would have a 
lower fecundity than normal (Chapter 4). The results might be taken 
to mean that at the higher densities, larvae in the 2nd cohort 
suffered a shortage of food such that many of them died and those 
which survived were smaller than normal. However, there was little 
change in either survival or wing length of flies in the controls for 
each species as density increased. Furthermore as shown in Section 
5.324 the development time of the survivors from the second cohort 
was significantly shorter than for the first cohort. This may explain 
their smaller size. They may leave the fruit before attaining full 
size because of increasing concentrations of some toxic waste 
product. At the lowest densities, a smaller proportion of the fruit 
would have begun decomposition before the addition of the second 
cohort than at the higher densities. Thus at these low densities the 
2nd cohort may have been able to feed, at least at first, in tissue 
which had not yet been "adulterated" by older larvae. This may 
explain the normal survival of the second cohort at the lowest 
densities.
5.8 Survival of the 2nd cohort of larvae in fruits when the first 
cohort are removed or in decomposed fruit without older larvae.
The survival of newly-hatched larvae may be influenced directly 
by the older cohort (by depletion of resources or cannibalism) or 
indirectly by some physical or chemical change in the fruit during 
decomposition. The two experiments described here attempt to measure 
the survival of newly-hatched larvae when added to a fruit which had 
commenced decomposition but which did not contain older larvae. In 
the first experiment I added young larvae to fruits from which an 
original cohort of three day old larvae had been removed. In the 
second experiment I initiated decomposition of uninfested fruits by 
transferring decomposed tissue (without larvae) from an infested 
fruit. The decomposition was allowed to spread for three days before 
the newly hatched larvae were added.
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5.81 Methods.
In the first experiment, sections of bananas were infested with 
larvae of D.jarvisi or D.tryoni at a density of 1 larva/2g. Three 
days later as many of this original cohort as possible was removed 
from some of the fruits. Cohorts of newly-hatched larvae, of the same 
species as originally present or of the other species, were then 
added at a density of 1 larva/2g. In other fruits the original cohort 
was left in place and the new cohort added (as in treatment C in 
earlier experiments). Removal of the first cohort inevitably resulted 
in some damage to the physical structure of the fruit. To partially 
control for the effect of this physical alteration on the survival of 
the 2nd cohort, I returned 3 day old larvae to some of the dissected 
fruits and measured their subsequent survival. Controls of each 
species alone and together at the same time (AJ+T) were also 
established.
In the second experiment decomposed tissue (about 1 gm) from 
bananas infested with D.tryoni or D.jarvisi was transferred (without 
larvae) to freshly cut sections of uninfested banana. These fruits 
were then allowed to decompose for three days. My intention was to 
infect the uninfested fruits with the microorganisms associated with 
Dacus larvae in a decomposing fruit and to allow these to begin 
decomposition of the fruit. The experiment was designed to determine 
whether the poor survival of the 2nd cohort of larvae was caused by 
an excretory product of the older cohort or simply because of 
physical and chemical changes in a fruit which had already been 
partly decomposed. Twenty fruits were infected with tissue from a 
D.tryoni infestation and 20 with tissue from a D.jarvisi infestation. 
Ten of each type of infected fruit were then infested with newly 
hatched larvae of D .tryoni or D.jarvisi. As a control I had some 
sections of fruit which were scarified and left for three days but 
not infected with decomposed tissue. I also established treatments A 
& C (CJ/T and CT/J) as before. There were 10 replicates of each 
treatment.
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5.82 Resuit3.
Experiment 1: Percentage survival in the eight treatments (Pig.
5.9) was analysed separately for each species of fly because of
different sample sizes due to fungal infections of some dissected
fruits. For both species there was a highly significant difference
between treatments; D.iarvisi, F„ „*8.73, p<0.005, D.tryoni,--------- 7,41 --------
F =12.22, p<0.005. (Results of SNK tests are shown in the 7,39
figure). The survival of 3 day old larvae which had been returned to 
dissected fruits was high. As before, newly hatched larvae of both 
species survived poorly in fruits containing an older cohort. However 
the survival of newly hatched larvae was also significantly reduced 
in fruits from which the original cohort had been removed (Fig. 5.9). 
Unfortunately it was not possible to remove all the original cohort. 
For example, of the fruits from which J were removed and T added, 
subsequent emergence showed that 10-15% of the original J had not 
been removed. Similarly I missed about 10% of the first cohort of T. 
Whether this residual number of older larvae was sufficient to 
explain the poor survival of the 2nd cohort I cannot tell. In any 
case the results do not suggest that accidental cannibalism or a 
shortage of food is the explanation for the poor survival of the 2nd 
cohort.
Experiment 2: Analyses of the transformed data (App. Table 5.7)
showed a highly significant effect of treatments (p<0.005) but no 
difference in survival between species and no interaction between the 
main effects. Results for treatments A & C were similar to those in 
previous experiments (Fig. 5.10). The % survival of larvae of 
D.jarvisi and D.tryoni when added to fruits at the same time (AJ+T) 
or when they were the first cohort of larvae added, was similar to 
that in controls. In the presence of an older cohort the survival of 
both species was markedly reduced (to about 10%). However, there was 
no effect on the survival of young larvae in the fruits "infected" 
with decomposed tissue. This result seems to be at variance with the 
results of the previous experiment which showed that survival of the 
second cohort was reduced even when the first was removed. However, 
in this experiment the decomposed tissue was placed on top of the
Pigure 5.9. Percentage survival of newly hatched D.jarvisi 
and D .tryoni larvae in the presence of 3 day old larvae and 
in fruits from which a cohort of older larvae was removed. 
Results from controls where three day old larvae were added 
to fruits from which a cohort had been removed are also 
shown. Pronumerals indicate significant differences between 
means for each species.
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Figure 5.10. Percentage survival of newly hatched D.jarvisi 
and D.tryoni larvae when alone, Mixed together at the same 
time and when one species has a head start, compared with 
survival in decomposing fruit Which does not contain a 
cohort of older larvae. "Infected with J or T" means the 
fruit was infected with decomposed tissue from am infested 
fruit containing J or T larvae^ 3 days before the newly 
hatched larvae were added. Pronumerals indicate significant 
differences between means among treatments and species.
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uninfested section of fruit. The area of decomposition did not spread 
throughout the fruit as occurs when the first cohort of larvae has 
been mining throughout the fruit. Thus the fruits differed 
qualitatively from those containing an older cohort.
These experiments taken together suggest that the survival of 
young larvae is reduced in tissues in which older larvae had been 
feeding. They do not indicate whether the older larvae produced an 
endogenous growth inhibitor or toxin or simply spread the area of 
decomposition throughout the fruit.
5.9 The relative importance of the difference in age between
successive cohorts and of the age of the second cohort in 
influencing the survival of the second cohort.
All the previous experiments have involved treatments where 
newly hatched larvae were added to fruits at certain times after an 
initial cohort or after the fruit had begun decomposing. This 
experiment investigates whether the poor survival of the second 
cohort only occurred when this cohort consisted of newly-hatched 
larvae. It may be, for example, that the survival of two day old 
larvae placed in a fruit with 5 day old larvae is also reduced.
5.91 Methods.
The experiment was designed as a three factor ANOVA, where the 
fixed factors were; "species of fly", "the age difference between 
cohorts" (3 levels; 0,2 and 4 days) and the "age of the second 
cohort" (3 levels; 0,1 and 3 days). In all treatments half the total 
number of larvae were added in each cohort. The combined density was 
always 1 larva/gm. The design is outlined in Table 5.7. Cohorts of 
newly-hatched larvae of one species (age- 0 days) were added to 
fruits either at the same time as a cohort of the other species (age 
difference- 0 days), or two or four days after the other species (age 
differences of 2 and 4 days). Similarly cohorts of one day old or 
three day old larvae were added to fruits at the same time as, or 2
Table 5>7. Experimental design of experiment to distinguish the 
effect of the age of young larvae and the difference in ages between 
cohorts on the poor survival of the second cohort.
Numbers in the body of the table show the age of each cohort at the 
commencement of the infestation for each treatment.
AGE DIFFERENCE BETWEEN COHORTS
0 days 2 days 4 days
1st
cohort
2nd
cohort
1st
cohort
2nd
cohort
1st
cohort
2nd
cohort
AGE
0 days 0 0 2 0 4 0
of
SECOND
1 day 1 1 3 1 5 1
COHORT 3 days 3 3 5 3 7 3
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or 4 days after a cohort of the other species. Thus for example the 
treatment with am age difference between cohorts of 4 days, in which 
the second cohort were 1 day old larvae, involved adding 1 day old 
larvae to fruits containing 5 day old larvae. The 1 and 3 day old 
larvae to be used as members of a second cohort were grown at a 
density of 1 larva/gm in sections of fruit and later transferred to 
the appropriate fruits. D.jarvisi was the first cohort in half the 
treatments and D .tryoni in the other half. There were ten replicates 
of each treatment.
5.92 Results.
The experiment showed that the survival of the second cohort of 
larvae was reduced in the presence of older larvae only when they 
were newly-hatched when added to the fruit (Fig. 5.11). Survival of 1 
or 3 day larvae, added 2 or 4 days after the first cohort, was not 
significantly different to that in controls. This suggests that newly 
hatched larvae are particularly susceptible to some chemical change 
in the fruit associated with decomposition. Overall, the survival of 
D.jarvisi larvae was significantly higher than of D .tryoni (p<0.01, 
App. Table 5.8). The analysis also showed significant effects of the 
"age difference between cohorts" (p<0.01) and of the "age of the 
second cohort" (p<0.005). There was also a significant first order 
interaction between these factors (p<0.005, App. Table 5.8) due to 
the differential effect of the presence of an older cohort on the 
survival of younger larvae of different ages. These results suggest 
that where batches of eggs are laid into a fruit at different times 
but separated in space, the younger larvae may survive normally if 
they are able to develop for a few days apart from the older larvae. 
This is true only if densities are not so high that all the food is 
consumed before the second cohort can complete their development, 
which was the case in these experiments.
Pigure 5.11. Percentage survival of cohorts of newly hatched, 
one day old and three day old D.jarvisi and D.tryoni larvae 
when added to fruits containing a cohort of the other species 
of the same age, or 2 or 4 days older. The figure shows only 
the survival of the each species when it was the second 
cohort added to a fruit. Means and SETS for other treatments 
given in App. Table 5.8. Promunerals indicate significant 
differences between means for each "age difference" (pooled 
over species) for each "age of young larvae".
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5.10 Discussion.
There was no evidence from these experiments of an interspecific 
influence of D.tryoni larvae on the survival of D.jarvisi. At 
densities similar to those experienced in the field, larvae of both 
species developed together in several species of fruit at about the 
same rate, irrespective of the initial frequency of species. There 
was, however, clear evidence that the survival of newly hatched 
larvae is reduced in the presence of older larvae, whether these were 
conspecifics or of the other species. The effect was restricted to 
newly-hatched larvae and would not be surprising if larvae were so 
crowded that all the food was consumed before the second cohort could 
complete their development. However, the experiments suggest that the 
effect is more subtle and that newly-hatched larvae are susceptible 
to a chemical change in the fruit associated with the development of 
the older larvae. The first cohort adversely modified the environment 
of the second cohort.
Several studies with other insects have shown that one cohort of 
larvae may "condition" the growth medium with an endogenous chemical 
or excretory byproduct which adversely influences the growth and/or 
survival of subsequent cohorts. In most cases these are species which 
occupy a patch of resource for more than one generation (eg. grain 
beetles in grain stores) where cohorts of different ages may 
interact. In this situation, contamination of the food by excretory 
products or toxins produced by the first cohort may influence the 
survival of subsequent cohorts without food necessarily becoming 
limiting (eg. Park 1938; Gruys 1970). Bryant (1971) studied the 
effect of giving one genetic strain of housefly an advantage in time 
over another. He showed, not surprisingly, that at high densities the 
second cohort suffered reduced survival, prolonged development time 
and produced smaller adults. The magnitude of these effects increased 
as the time between cohorts increased from 3-72 hours. In one of the 
few studies to use densities similar to those in the field, Livdahl 
(1982) showed that the survival and growth of a second cohort of the 
treehole mosquito (Aedes tiseriatus), added to cultures 7 days after 
the first, was significantly reduced, even at low densities and with 
an abundance of food. He did not identify the mechanism of this
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effect but some type of "conditioning" of the growth medium was 
probably involved. Whether the reduced survival of newly hatched 
Pacu3 larvae is due to an endogenous inhibitor produced by older 
larvae could not be determined from these experiments.
Most examples of this type of interference involve only 
intraspecific effects but interspecific interactions are also known. 
For example, Ikeshoji & Mulla (1970) showed that, when crowded, third 
instar Culex sp. larvae produce chemical "factors” which were toxic 
not only to first instars of the same species but also to first 
instar larvae of other mosquitoes (Aedes, Anopheles). Larvae of many 
species of Drosophila may develop together in the same medium (Barker 
1980), but Budnic & Brncic (1975) found that larvae of Drosophila 
pavani release waste products into the food which are toxic to 
subsequent cohorts of this species, and of three other species of 
Drosophila.
A second explanation for the poor survival of newly-hatched 
Dacus larvae may be that they are susceptible to a breakdown product 
derived from the decomposed tissue or bacteria rather than from the 
older larvae. The maturation and decomposition of fleshy fruits 
involves a number of physical and chemical changes which influence 
its suitablility for the development of Dacus larvae. Female Dacus 
select fruits at a certain stage of ripeness for oviposition 
(Chapters 8,10) and usually ignore unripe or overripe fruits. During 
decomposition of a fleshy fruit there is usually a succession of 
associated organisms similar to that seen in carrion and dung 
(Waterhouse 1947, Beaver 1977, Hanski & Koskela 1977). Dacus larvae 
are usually the first invaders of the fruit in this succession. They 
commence development in intact fruits in an environment which 
includes only themselves and the microorganisms introduced at 
oviposition (Chapter 3 ). As decomposition proceeds other 
microorganisms (fungi, yeast, bacteria) and other insects 
(Drosophila, Coleóptera) may enter the cycle. By the time the tissues 
are fully decomposed, Dacus larvae have usually completed their 
development. Thus the poor survival of the newly hatched larvae in 
partly decomposed fruit may be because they enter the succession too 
late and are exposed to conditions unsuitable for their survival but
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to which older larvae are immune.
Whatever the mechanism involved, the poor survival of newly 
hatched larvae in infested fruits means that the first females to 
oviposit in a fruit may produce proportionately more progeny than 
those which oviposit later. If the presence of older larvae is 
important in reducing the survival of newly hatched larvae in the 
field then we might expect females to discriminate against fruits 
which already contain larvae. At least they should avoid oviposition 
punctures which contain hatched larvae. This possibility is explored 
in Chapter 9.
The experiments showed clearly that the effect of older larvae 
on the survival of newly hatched larvae was not restricted to 
conspecifics. Thus this effect may be critical to whether D.tryoni is 
able to exclude D.jarvisi or other species from cultivated fruits.
D.tryoni is more fecund than D.jarvisi and seems to deposit its eggs 
in smaller clutches (Chapter 4). Hence where the two species utilise 
the same host, and females of each species are equally abundant,
D.tryoni may more often oviposit in fruits before D.jarvisi. The rate 
of increase of D.jarvisi in the presence of D.tryoni may then be 
lower than normal because females often oviposit in fruits which 
already contain D .tryoni larvae. Alternatively if females 
discriminate against infested fruit (Chapter 9), then the number of 
fruits available to D.jarvisi for oviposition will be reduced even 
though the amount of food for larvae is not limited. Even so there is 
little evidence from experiments in field cages or from field 
collections, reported later (Chapters 6,10), that D.jarvisi was 
disadvantaged in this way.
Whether the reduced survival of young larvae in infested fruits 
is an important factor influencing the reproductive success of female 
D.tryoni and D.jarvisi in the field will depend on the density of 
females relative to the amount of fruit, on the species and size of 
fruit involved and on the behaviour of females during oviposition. In 
fruits such as peaches where larvae move towards the centre, cohorts 
of different age may interact rapidly whereas in pears, where larvae 
feed near the surface for a time (Bower 1975), it may be some days
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before different cohorts come into contact. In large fruits the 
effect of older larvae on newly hatched cohorts may thus be reduced 
if females select oviposition sites well away from other punctures 
which contain hatched larvae. This they seem to do (Chapter 9). 
Moreover the brief period during which individual fruits are 
acceptable for oviposition (5-7 days, Chapter 8), will also reduce 
the probability that cohorts of larvae of different ages will occur 
together in the same fruit unless females are especially abundant.
There was no evidence in these experiments for the supression of 
one species by another as described for D.dorsalis and C .capitata by 
Keiser et al (1974). This case is widely quoted as the best example 
of interspecific competition among Tephritids (Bateman 1970, Prokopy 
1977). D.dorsalis was introduced to Hawaii several years after
C . capitata and within a few years C.capitata had been replaced as the 
major pest in lowland areas by D.dorsalis (Bess 1953). Keiser et al 
(1974) showed, in a series of laboratory experiments, that the 
survival of C.capitata larvae in guavas was greatly reduced when
D. dorsalis larvae were present. This was true when females deposited 
eggs directly into the fruits and when fruits were seeded with eggs 
artificially. However, in an artificial medium, similar to that used 
here, the larvae developed together normally. Their results seem to 
provide the mechanism for the exclusion of C.capitata by D.dorsalis 
but they are at variance with the findings of Bess (1953). Bess 
(1953) presented data, from collections of individual guavas from the 
field, which showed that "the number of C .capitata that emerged from 
fruits that produced only this species was not appreciably different 
from the emergence from fruits that also produced D.dorsalis. These 
data indicate that the number of C.capitata produced in the 
individual fruits was not reduced by D.dorsalis."(p.223). The 
experiments of Keiser et al (1974) can be criticised on the grounds 
that the densities of larvae used were well above those seen in the 
field. For example, Bess (1953) reported a density of 10 flies/fruit 
in peaches, while in guavas Haramoto & Bess (1969) found a mean 
density of 5.0 larvae/fruit with a maximum of 12.4 larvae/fruit in 
one area. Similarly Figure 1 of Keiser et al (1974) shows the maximum 
density recorded in the field was 0.16 larvae/gm. By contrast, in 
their experiments, Keiser et al (1974) established most infestations
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by exposing three fruits to a laboratory cage of 600 female flies of
each species for 4 hours. They do not mention the size of each fruit,
but guavas usually weigh between 50-70 gms (Haramoto and Bess 1969,
Chapter 10). Even if each female had laid only one egg the density of
eggs/fruit must have been extremely high. The total numbers of adults
produced from their infestations ranged from 2.2 to 4.2 adults/gm
(assuming a 60gm guava), which are well above the densities observed
in the field. In their experiments where known numbers of eggs were
seeded into fruits,the total density was lower (1.5 to 2.0 eggs/gm.)
and the survival of C .capitata larvae was higher. Reiser et al (1974)
conclude that ’the larval stage of oriental fruit flies will
drastically suppress the development of larvae of Mediterranean fruit
flies". It would seem, however, that a more parsimonious explanation
is that D.dorsalis larvae consumed all the food before C .capitata
larvae could complete their development. Eggs of C.capitata hatch in
oabout 51 hours at 25 (Messenger & Flitters 1958, Shoukrey & Hafez 
1979), whereas those of D.dorsalis hatch in 38 hours at the same 
temperature (Messenger & Flitters 1958). Thus in Reiser et al’s 
experiments, D.dorsalis would always have had an advantage in time of 
10-18 hours over C.capitata, and since densities were high, larvae of 
the latter species may simply have died of starvation. Alternatively 
there may be an interaction between older and younger larvae as found 
here. Christenson & Foote (1960) reporting a similar series of
experiments note that "depression of the C.capitata population ....
was especially pronounced when D.dorsalis hatch preceded C .capitata 
hatch by 12 to 48 hours"(p.189). At high densities D.dorsalis may 
exclude C.capitata, but more controlled experiments using realistic 
densities of larvae are needed to conclusively demonstrate whether 
D.dorsalis larvae interfere with the survival of C .capitata when food 
is not limited. The replacement of C.capitata by D.dorsalis in Hawaii 
could be explained simply by differences in their intrinsic rate of 
increase and dispersive ability (Chapter 4), with the result that 
D .dorsalis is able to infest a greater proportion of fruits before 
C.capitata. Figure 1 of Reiser et al (1974) does not show that 
C.capitata was replaced by D.dorsalis. Certainly the percentage of 
C.capitata in the total population declines^ but the data for actual 
abundance of each species shows that both species were initially 
rare, both peaked in the fourth week and then both declined.
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Chapter 6. The influence of D. tryoni on the number of progeny 
produced by female D.jarvisi on caged tree3 supplied with fruit.
6.1 Int roduct ion♦
As a result of the patchy dispersion of fruiting trees and the 
discrete nature of individual fruits within trees, it is possible 
that two species of Dacus may utilise the same host with little 
interaction between them when the densities of adults are low. 
Colonisation of each patch of host trees may be independent of the 
density or composition of the population in that patch in previous 
seasons and may even be independent of the abundance of fruit in the 
patch. Favourable microclimatic or microhabitat features of 
particular host trees or their close proximity to vegetation suitable 
for the dispersal of young adults may result in some trees receiving 
large numbers of recruits whereas others receive few. Thus there may 
be great variability between patches in the abundance and species of 
flies which happen to colonise them. One species may influence the 
rate of increase of another only when females of two or more species 
colonise the same patch in sufficient numbers that the availability 
of fruit for oviposition or for larval food becomes insufficient for 
all of them.
In this chapter I examine experimentally whether the presence of 
D.tryoni has any influence on the fecundity or the number of progeny 
produced by D.jarvisi when females of both species infest fruits on a 
single tree. Ideally the influence of one species on the distribution 
and abundance of another should be tested by controlled field 
experiments in which densities of one or both species are manipulated 
(Connell 1975 ). The effect of removing one species on the abundance 
or range of resources utilised by the other can then be observed. 
However, because of the difficulty of manipulating field populations 
of small, highly mobile animals there have been relatively few 
manipulative field experiments with insects (Birch 1979, Wise 1981, 
Lawton & Strong 1981, Kareiva 1982a). Therefore here I have used 
populations of known composition confined in large field cages to 
examine the fecundity of D.jarvisi in the presence and absence of
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D.tryoni. If these species do influence one another, then the 
expectation is that adult survival or fecundity or larval survival 
will be lower when both species are present than in control 
populations containing flies of one species.
Collections of cultivated species of fruit indicate that the 
majority of host trees with fruit on them are located by female 
Dacus (Bateman 1972,1977; Gibbs 1965; Chapter 10) and that a high 
proportion of fruits is infested. These collections also indicate 
that in Northern Queensland, D.tryoni and D.jarvisi, together with 
other species, often occur together on the same fruiting trees at 
certain times of the year. Ripening fruit, as food for the larval 
stage, is the resource most likely to become limiting for populations 
of Dacus in some seasons. However, in a long term study of a 
temperate population of D.tryoni, Bateman (1968) found that larval 
food was rarely in short supply and that local abundance was 
controlled mainly by weather. This may not be true in more tropical 
areas where temperatures and rainfall are more conducive to rapid 
population growth (Meats 1981). Other resources required by pacus^ 
such as sites for pupation, shelter and food for adults seem unlikely 
to be limiting (Bateman 1972; Prokopy 1977).
The question whether D.tryoni restricts the rate of increase of 
D.jarvisi in cultivated fruits has both ecological and evolutionary 
implications. D.jarvisi and D.tryoni utilise different hosts at 
certain times of the year and D.jarvisi has exclusive use of its 
preferred host, Planchonia careya (Chapter 10). D.jarvisi and 
D.tryoni occur together in the same hosts mainly in the late summer 
(May 1963; Chapter 10), principally in guavas. If guavas were an 
important host for D.jarvi3i, bridging a period between alternative 
native hosts, then D .tryoni may influence the local abundance of 
D.jarvisi by reducing its fecundity in guavas. For D.jarvisi to 
become a major pest of cultivated fruits, at all times of year, may 
require a genetic change affecting host selection (Chapter 8). An 
interesting evolutionary question is whether expansion of the host 
range of D.jarvisi may be inhibited by the presence of D .tryoni. This
could occur if genotypes which result in more plastic host selection
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behaviour and hence a more regular interaction with D.tryoni had 
lower fitness than genotypes which maintain the preference for native 
hosts.
D.tryoni could influence the numbers of D.jarvisi produced 
within a patch of hosts by means of interactions between adults which 
influence the fecundity of females, and/or by means of interactions 
between larvae (examined in Chapter 5). Aggressive interference 
between females could reduce their fecundity or alter the ways eggs 
are distributed among fruits. Female D .tryoni are known to actively 
defend fruits against conspecifics (Pritchard 1969) but there is no 
information on the outcome of interspecific encounters. Aggressive 
interference by D.tryoni may cause female D.jarvisi to lay fewer eggs 
than normal or to emigrate from a tree where encounters are frequent. 
It is important to distinguish the roles of interactions between 
adults and larvae in any overall influence of one species on the 
other because the consequences may be quite different. For larvae the 
fruit is a closed environment. They cannot move to alternative hosts 
if conditions for survival in one fruit are poor. Adult females, on 
the other hand, may respond to interspecific aggression by moving to 
other trees within the patch or to another patch where there may 
perhaps be fewer adults. Consequently the effects of interference 
between adults may be alleviated to some extent if there is some 
variation in the density of adults between patches.
The effect of one species of insect on another has most often 
been examined in laboratory experiments, such as those of Park (1948, 
1954) and Birch (1953). Usually these experiments are initiated with 
known numbers of adults of two species which are allowed to increase 
over a number of generations in simple environments in which space 
and food are held constant. As such they attempt to model the 
dynamics of two species in a single patch. Much of the mathematical 
theory of population growth and the roles of intra- and interspecific 
competition was derived and tested with such experiments (Andrewartha 
& Birch 1954, Krebs 1972). Inevitably these experiments involve 
unrealistically high densities of individuals and exclude the spatial 
and temporal heterogeneity of natural environments and dispersive
Table 6 1 Experimental Design of Experiment 1 and general design for 
all other experiments.
Cage 1 
100 D.tryoni
20 fruits
I
3 days 
oviposition
Cage 2 
50 D.tryoni 
50 D. jarvisi
I20 fruits
I3 days 
oviposition
Cage 3
100 D.jarvi3i
20 fruits
I
3 days 
oviposition
as for cage 2 fruit removed as for cage 2
10 fruits left 
intact and larvae 
in situ.
10 fruits dissected 
eggs & larvae removed to 
artificial medium
i  r
Indicates effects of adult 
interactions only.
Indicates combined effects 
of adult and larval interactions
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movements of adults. Moreover, they assume a close numerical and/or 
genetic relationship between the population present in a patch in one 
generation and the recruits into that patch in the next. For species 
of Dacus, which must be constantly colonising new areas it is highly 
unlikely that new recruits to a patch will be related to the 
populations in the previous generation. Thus the experiments 
presented here measure the fecundity of female Dacus in a single 
patch over a single generation.
6.2 Design of Experiments.
A series of four experiments were conducted using populations of 
each species alone and together at known densities in field cages. 
Data was collected so as to partition any influence of one species on 
the other into effects on the fecundity of adults and effects on the 
survival of larvae. Table 6.1 summarises the design and methods used 
in most experiments. In the initial experiments the total density of 
flies in mixed populations and in controls of one species alone was 
the same (Table 6.1). Thus the null hypothesis tested was that:
"the influence of one D.tryoni on the fecundity of a female 
D.jarvisi is equivalent to the influence of a second D.jarvisi (and 
vice versa)."
The first two experiments measured the reproductive success of 
each species when they were present in equal numbers (1:1 ratio). In 
Experiment 3 the initial ratio of D.tryoni to D.jarvisi females was 
varied from 1:5 to 1:1 to 5:1. Experiment 4 further examined the 
reproductive success of D .jarvisi when it was a rare member of the 
initial population of flies. Tables 6.2 and 6.3 show the numbers of 
females in each population and the species of fruit used in each 
experiment, together with the dates and temperature conditions 
prevailing for each repeat of each experiment. Because only a limited 
number of cages were available it was necessary to replicate 
treatments in time. To avoid confusion I refer to each replicate 
experiment as a repeat of the experiment and use "replicate" to refer 
to individuals fruits within treatments which were the used as
Table 6.2. Mean Maximum and Minimum temperatures recorded in the 
Wilton orchard during fieldcage experiments 1-4.
Experiment No. Dates Mean Max. T. Mean Min. T.
la (1981) 22.1-24.1 24.5 17.5
lb 28.1-30.1 28.2 18.2
lc 2.2- 4.2 28.7 17.3
Id 9.2-11.2 29.2 18.2
le 17.2-20.2 23.8 18.0
2a (1981) 4.12- 5.12 29.5 19.5
2b 11.12-12.12 31.5 14.5
2c 20.12-22.12 32.3 13.0
3a (1982) 31.12- 2.1 27.7 15.3
3b 6.1 - 8.1 26.2 ’ 15.0
4a 22.1-24.1 31.7 19.3
4b 29.1-31.1 28.1 16.7
4c 10.2-12.2 28.2 17.2
4d 18.2-20.2 26.7 17.3
Table 6.3. Initial Populations of flies and numbers and species of 
fruit used in all field cage experiments.
Experiment No. Sp. of Fruits/ Initial Populations
repeats) fruit cage of flies
1 (5) Nectarines* 20 100T, 50T : 50*J, 10OJ
2 (3) Nectarines 20 100T, 50T, 50T:50J# 50J, loojr
3 (2) Nectarines 20 10 J:50T, 10J; 30J:30T, 30J; 50J :10T, 50J
4 (4) Peaches 20 10J, 60J, 10J:50T, 60T.
* Apricots used in Expt.lb
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replicates for statistical analyses. Each repeat of an experiment was 
conducted with a different group of flies, a different batch of fruit 
and under potentially different weather conditions. Consequently 
there was the potential for correlations between the treatments 
within an experiment if there were major differences between these 
variables.
Ideally the influence of one species on another should be 
examined at a range of densities so as to indicate the range of 
possible outcomes under varying conditions in the field. However the 
limited number of cages and time involved in each experiment 
precluded the use of several densities. I therefore conducted all 
experiments with high densities of females relative to the numbers of 
fruit. If the presence of D.tryoni influences the fecundity of 
D.jarvisi (or vice versa), this should be more noticeable at high 
rather than low densities. Alternatively if no interaction is 
apparent at high densities then this is probably true at low 
densities. Throughout the text and tables, where the composition of 
the initial populations are given, I use "T" to signify D.tryoni and 
"J” to signify D.jarvisi.
6.3 Materials and Methods.
6.31 Description of field cages.
The experiments were conducted in three, large field cages in 
the experimental orchard of CSIRO Division of Entomology at Wilton, 
100 km southwest of Sydney. Each cage was hexagonal in plan, about 10 
metres in diameter and three metres high. Each side was four metres 
long. The framework consisted of Dexion angle steel bolted and braced 
as shown in Plate 6.1. Three lengths of Dexion supported by four 
internal uprights provided the framework for the roof. The cage was 
anchored to six, one metre lengths of Dexion driven into the ground. 
On each of the six sides three, 4m lengths of 6x3 cm. softwood 
(Oregon) were bolted horizontally to the metal frame to support the 
covering material (green aluminium gauze, 1220 mm wide).
PLATE 6.1 Large cages constructed over trees in the CSIRO orchard, 
(Wilton, NSW), in which populations of D.tryoni and D>jarvisi were 
established.
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Each cage enclosed a laxge loquat tree (Eriobotrya japonica)# 
about 3m high and 5-7m in diameter. Loquats are particularly suitable 
because they provide ample shelter from wind, sun and rain and grow 
well when confined. They are evergreen and bear fruit during early 
Spring (September, October). Thus they are bare of fruit during the 
summer months when experiments in field cages are feasible. Test 
fruits can be hung from them without the necessity to remove a 
natural crop of fruit.
6.32 Provision of food and water.
Water was continuously available from cotton wicks in water- 
filled containers suspended in each tree. In addition, during 
particularly hot weather the foliage of each tree was misted with 
water twice a day. Pood was a solid mixture of sucrose and yeast 
hydrolysate (4:1) which was continuously available from the underside 
of 5 inverted yellow funnels suspended in the tree. The funnels 
protected the food from rain. Flies were attracted to the yellow 
colour and to the odour of the protein hydrolysate and readily 
located food in each cage. Funnels were supported on wires coated 
with grease to exclude ants. In addition I smeared the upper surfaces 
of several leaves on each tree with a liquid slurry of sucrose and 
yeast hydrolysate. Flies quickly located this food, but ants were 
also attracted.
6.33 Source and treatment of flies.
All flies came from laboratory cultures (Chapter 2). The culture 
of D .tryoni originated from collections of peaches in the Sydney 
region in January 1980. D.jarvisi came from flies reared from 
Planchonia careya collected near Darwin N.T. in February 1979. 
Attempts to obtain a strain of D.jarvisi from Queensland prior to the 
first series of experiments were unsuccessful (Chapter 10). Cultures 
of both species were supplemented in March 1981 with wild flies 
reared from guavas collected in Cairns.
Treatment of flies prior to experiments was identical for all
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the experiments. The flies were 18-25 days old when released into the
cages. They emerged and completed ovarian maturation in a controlled
otemperature room (constant 25 , 75% R.H.) but were transferred to 
Wilton at least one week before they were used in an experiment. At 
Wilton they were held in an uncontrolled environment and given 
continuous access to fruit for oviposition. In this way most flies 
were sexually mature and mated and their ovaries had entered a 
regular pattern of egg maturation when they were released into the 
field cages.
Pield cages were stocked with flies on the afternoon prior to 
the commencement of each experiment and provided with ample food and 
water. Appropriate numbers of females of each species were drawn from 
large stock populations and released at the centre of the tree. Only 
flies which actively flew from the holding cages were used so as to 
avoid damaged or inactive females.
Each experiment was repeated at three day intervals whenever 
possible. For each repeated experiment, treatments were allocated at 
random among the cages and each repeat commenced with a new group of 
flies of similar age and oviposition history. Thus it was necessary 
to clear the cages of flies after each experiment. To do this all the 
water and all but one feeding station were removed. Flies were then 
removed by netting on the foliage or trapping at the feeding station. 
By careful search it was usually possible to remove 70-75% of the 
initial number released. Some flies were lost to spiders or escaped 
during experiments and additional mortality probably occurred. In 
most cases, few flies would have remained in the cages from one 
experiment to the next.
6.34 Source and treatment of fruit.
The fruits used in all experiments were purchased from retailers 
and thoroughly washed before use to remove surface residues of 
insecticide. In all but one experiment^the survival of larvae in 
these fruits appeared normal and it is unlikely that residues of 
systemic insecticides interfered with the results. Fruits were
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subjectively selected to be at a suitable stage for oviposition using 
colour and firmness as criteria in accordance with the results of 
Bower (1975), Fowler (1977) and ray own observations. The fruits used 
in all treatments of each repeat of an experiment were from a single 
batch and were of similar size and ripeness.
6.4 Experiment 1. The influence of D.tryoni on the fecundity of 
D.jarvisi when adults are equally abundant.
6.41 Methods.
There were three treatments (as only three cages were 
available); 100 J alone, 100 T alone, and 50 J with 50 T.
The experiment was repeated five times between January 22 and
February 20, 1981. Each experiment lasted three days provided weather
remained suitable for activity. Experiments were initiated only when
othe forecast maximum temperature was 23 or greater. Minimum
otemperatures were usually above 15 (Table 6.2). In Experiment IE,
oday 3 was cool (18 ) and overcast and this experiment was therefore 
continued for a further day.
Twenty fruits were suspended in each cage on the morning of day 
1 and removed late on day 3. Fruits were evenly distributed about 1 
metre apart at a height of 1.5-2.5 metres so as to be easily 
observed. Nectarines were used in Experiments 1A,C,D,E, but apricots 
were used in IB, since nectarines of a suitable size and stage of 
ripeness were not available.
After the experiment, 10 of the 20 fruits from each treatment 
were individually weighed and placed into containers on a bed of 
sawdust to allow larval development and emergence of adults. The 
number and identity of all flies which emerged from each fruit was 
recorded. The number of pupae was not recorded.
The remaining 10 fruits from each treatment were dissected and
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all eggs and young larvae counted and removed. Although the egg3 of 
D.tryoni and D. jarvisi differ significantly in size (Chapter 4), it 
was not possible to reliably distinguish them during dissections 
without the aid of a binocular microscope. Therefore, the dissected 
eggs and larvae were transferred to artificial larval medium. 
Sufficient medium was provided for development at an optimal density 
(0.5-1.0 larva/gm). The number and identity of adults which resulted 
from these eggs was also recorded. As shown in Chapter 5, larvae of 
neither species adversely influence the survival of the other in 
artificial medium. Furthermore survival of both species is high in 
this medium. Thus the mean number of adults produced from the 
dissected eggs was used to indicate the relative numbers of eggs 
originally laid in each fruit.
Comparisons of the mean number of adults/female/fruit for each 
species, when together (50T:50J) or alone (100T,100J), from these 
dissected fruits reflects only the influence on fecundity of 
interactions between adults independent of any interaction between 
larvae. Data from the fruits in which larvae were allowed to develop 
in situ indicate the combined result of interactions between adults 
during oviposition and between larvae during development. Comparisons 
of the data from dissected and intact fruits can be used to indicate 
the overall survival rate of larvae in the intact fruits and 
therefore to partition the effect of D .tryoni on the number of 
progeny produced by D.jarvisi, into components due to adult and 
larval interactions.
The experiment was analysed as a four factor orthogonal ANOVA 
where the four factors were; the "repeat experiments" (random factor, 
5 levels), "species of fly" (fixed, 2 levels), "type of population" 
(ie, alone or mixed with the other species, fixed, 2 levels) and 
"site of larval development" (in artificial medium or intact fruits, 
fixed, 2 levels). Individual fruits were the replicates. Data were 
the number of adult flies of each species produced from each fruit 
divided by the number of females present in the initial population 
(ie. divided by 100 for the two control populations and by 50 for the 
mixed population). In Experiment 1C data from four of the intact
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Cruils were lost because of fungal infections which killed all the 
larvae. In other experiments one or two intact fruits were also lost. 
Therefore, to give a balanced design for ANOVA, the data from up to 
four dissected and four intact fruits was excluded at random from 
each data set, giving 6 replicates for each combination of the tour 
factors.
6.42 Results.
A high proportion of fruits, 90% or more, was infested in most 
experiments (Table 6.4). The densities of eggs and larvae per fruit 
(as indicated by the mean no. of adults/fruit) were consistently 
high. The nectarines averaged 30-40 gm, so the number of adults 
produced per gram of tissue was above 1/gm for the mixed populations 
and the control populations of D.tryoni. The mean number of progeny 
produced per fruit from the intact fruits was usually 70% or more of 
the number produced from dissected fruits (Table 6.5) and in several 
cases it was higher. This latter situation could arise simply from 
sampling error if a number of heavily infested fruits were allocated 
to the "intact" class after removal from the cages or because some 
eggs and young larvae were missed during dissections thus 
underestimating the number of eggs laid in these fruits. That there 
was little difference between dissected and intact fruits suggests 
that little mortality of larvae occurred at the densities observed in 
the intact fruits even though the resultant adults were noticeably 
smaller than normal.
Pigure 6.1 shows the mean number of progeny produced per fruit 
by individual D.jarvisi and D.tryoni when in a mixed population of 
two species or in single species controls. Means in the figure are 
based on the adjusted data set used in the ANOVA. The ANOVA on 
individual fecundity showed a significant interaction between 
"experiments”, "species of fly", "type of population” and "site of 
larval development". Thus differences between main effects could not 
be validly tested directly. An SNK test was conducted on the forty 
cell means (conducted on log x+1 transformed data, App. Table 6.1). 
Table 6.5 shows the total number of adults produced and the number of
Table 6.4. Percentage of fruits which produced progeny of each
species of Dacus in Experiment 1.
D= Dissected fruits 1= Intact fruits.
Initial Population
100T 50T:50J 10OJ
Expt. no. D.tryoni D.tryoni D.jarvi3i D. jarvisi
D I D I D I D I
la 100 100 100 100 90.0 90.0 100 100
lb 88.9 100 100 87.5 100 75.0 100 100
lc 100 100 100 100 100 88.9 100 100
Id 100 100 87.5 100 87.5 100 100 100
le 100 100 100 100 100 88.9 88.9 100
Mean 97.8 100 97.5 97.4 95.5 88.6 97.8 100
Table 6.5. Total numbers of adult flies produced and the density of 
adults per fruit for D.tryoni and D.jarvisi in Experiment 1.
Initial
Pop. Expt. 
no.
No. T
Dissected Fruits 
No.J Mean/ Range 
fruit
No.T
Intact 
No. J
Fruits
Mean/
fruit
Range
100T la 622 62.2 15-171 513 51.3 7 -127
lb 255 - 28.3 0-76 403 - 57.6 27-90
lc 902 - 112.8 75-185 583 - 72.9 17-105
Id 988 - 109.8 77-134 749 - 93.6 32-147
le 608 — 58.0 9-86 838 - 93.1 63-116
100J la — 165 16.5 2-31 — 163 16.3 6-31
lb - 179 19.9 5-34 - 167 23.9 6-37
lc - 364 40.4 18-58 - 488 54.2 2-105
Id - 561 70.1 37-102 - 361 40.1 12-96
le — 245 27.2 0-61 - 353 39.2 17-55
50T:50J la 503 136 63.9 14-179 352 89 44.1 10-122
lb 212 127 56.5 24-98 256 108 45.5 4-74
lc 474 377 87.9 27-185 618 173 87.9 27-202
Id 505 213 89.8 35-140 492 79 63.5 46-92
le 749 141 89.0 22-140 621 178 88.9 58-122
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Pigure 6.1. The mean number of adult progeny produced by 
individual female D.jarvisi and D.tryoni when alone and 
together with the other species on caged trees provided with 
fruit. Histograms are the untransformed means (6 SE’s) of the 
data set used in the ANOVA (App. Table 6.1). Dissected fruits 
indicate the mean number number of eggs laid/ female. Intact 
fruits indicate the combined effects of adult and larval 
interactions. Pronumerals indicate significant differences 
between means for D.jarvisi only. Full details of results of 
SNK tests in App. Table 6.t.
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adults per fruit for each experiment based on the entire data set. In 
no experiment was the fecundity of individual female D.jarvisi 
significantly lower in the presence of D .tryoni than in the control 
population (Fig. 6.1). Nor were there any differences between the 
number of flies produced per fruit from the dissected fruits or those 
left intact.
Overall D.tryoni was more fecund than D.jarvisi (Fig. 6.1, Table 
6.5). Thus although female D.jarvisi produced as many progeny in the 
presence of D.tryoni as in its absence, D.jarvisi provided only 20- 
30% of the progeny produced in the mixed species populations (Fig. 
6.2). Consequently an initial adult ratio of 1:1 had been altered in 
one generation to a ratio of about 4:1 in favour of D .tryoni. This 
difference in fecundity in favour of D.tryoni was expected on the 
basis of laboratory results (Chapter 4), and may be significant in 
terms of the colonisation of subsequent patches of habitat as 
discussed later.
The differences in fecundity of both species between experiments 
(Fig. 6.1 and Table 6.5) probably reflects the combined effects of 
differences between batches of flies and/or batches of fruit and 
differences in the weather. Much of the variation was due to 
differences in the fecundity of D.tryoni which ranged from 0.3 to 1.4 
adults/female/fruit. For D.jarvisi the estimates of fecundity ranged 
between 0.2 and 0.8 adults/female/fruit. In some cases D.tryoni 
females in the mixed populations, where the intraspecific density of 
D.tryoni was half that in the control, laid more eggs in the presence 
of D.jarvisi than in the control. In Experiment IE, this difference 
was significant. This may occur because D .tryoni interferes more 
with the oviposition of conspecifics than it does with D.jarvisi (see 
later).
Experiment IE differed slightly from the other four in two 
respects. Firstly, whereas in earlier experiments all the eggs 
removed from each dissected fruit had been placed together on 
artificial medium, in this experiment the eggs from each individual 
oviposition were held separately. This allowed me to determine
Figure 6.2. The proportion of the total progeny made up by 
each species of Dacus in each repeat of Experiment 1.
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whether the eggs of D.tryoni and D.jarvisi in the mixed population; 
were segregated within fruits. A total of 88 individual ovipositions 
were located in the ten fruits and from these a total of 749 
D.tryoni and 141 D.jarvisi were produced. Fifty five (62.5%) of the 
ovipositions contained only D.tryoni eggs, 4 (4.5%) had only 
D.jarvisi eggs and 29 (32.5%) contained eggs of both species. Thus a 
high proportion of ovipositions contained both species^but D.jarvisi 
larvae would rarely have hatched into a site without D .tryoni larvae 
being present. The high proportion of ovipositions containing only 
D.tryoni eggs results from the higher fecundity and smaller clutch 
size of this species (Chapter 4).
The second difference between Experiment IE and previous ones 
was that two additional populations were established in cages made 
available by CSIRO. At this time a population of wild D .tryoni, bred 
from peaches collected near Sydney was also available. Therefore, in 
addition to the three populations used in Experiments 1A-1D, I 
established' an additional population of 50T:50J and a control 
population of 100T using the wild D.tryoni. This allowed a comparison 
of the fecundity of laboratory reared D.jarvisi in the presence of 
laboratory reared and wild D.tryoni. All fruits from these two cages 
were left intact. The mean number of progeny produced by female 
D.jarvi3i in these populations were as follows:
Initial Population
100 J 50J+50 lab.T 50J+50 wild T.
Mean progeny 0.39 0.40 0.43
/female J (0.06) (0.12) (0.11)
(SE)
A one factor ANOVA showed no significant difference between 
these means (F =0.01, NS). Thus the presence of wild D.tryoni 
had no greater influence on the fecundity of female D.jarvisi than 
did laboratory D .tryoni or conspecifics.
In each experiment more than 85% of the fruits from the mixed 
population produced adults of both species (Experiment lA-90%, IB-
Pigure 6.3. The relationship between the numbers of
D.jarvisi and D.tryoni adults reared from individual fruits
(dissected (•) or intact (o )) from cages containing mixed
populations of the two species in each replicate of
Experiment 1. Significant regression equations-
Expt. la Intact fruits: 0.19x +■ 2.1, p<0.05, dissected
fruits: y= 0.39x - 5.2, p<0.05. Expt. lc- Intact fruits:
Y=- 0 . 4 1 X  - 8.7, p < 0 . 0 5 .
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86%, 1C—94%, ID—100%, IE—94%). Regression analyses were used to 
examine whether the number of D.jarvisi adults produced by an 
individual fruit was dependent on the number of D .tryoni produced 
(Fig. 6.3). Data from dissected and intact fruits were examined 
separately. The analyses showed no relationship in 7 of the 10 cases 
Only three regressions were significant, but all three were positive
6.50 Experiment 2: Methods.
One difficulty with the design of Experiment 1 was that the 
intraspecific density of each species in the controls (100T, 100J) 
was twice that in the experimental population (50T:50J) even though 
the overall density of adults was the same. The Experiment was 
repeated in December 1981 when five cages were available thus 
allowing two additional control populations to be established. The 
design involved five populations as follows;
Cage 1 Cage 2 Cage 3 Cage 4 Cage 5
100T 100J 50T:50J 50T 50J
This design allowed two null hypotheses to be tested simultaneously:
H^l: "The influence of one D.tryoni on the fecundity of a female 
D.jarvisi is equivalent to the influence of a second D.jarvisi." 
(Comparisons of cage 3 and cage 2, as in Experiment 1).
H^2; "D.tryoni has no influence on the fecundity of female 
D.jarvisi" (Comparisons of cage 3 and cage 5).
Handling, release and maintenance of flies and fruits was as 
described for Experiment 1. The experiment was repeated three times.
6.52 Results.
Results from Experiments 2A, 2B and 2C were analysed separately 
because the 10 fruits held intact from each population in Experiment
128
2C were lost when ants invaded the containers holding them. Thus 
Experiments 2A and 2B were analysed as orthogonal three factor ANOVAS 
where the fixed factors were: "site of development of larvae" 
(dissected or intact fruits), "type of population", and "species of 
fly". Experiment 2c was analysed as a two factor ANOVA (App. Table 
6 . 2 ) .
Figure 6.4 and Table 6.6 summarise the results. The analyses 
showed that there was no significant effect of the "type of 
population" on the number of progeny produced by individual females 
in any experiment. Thus there was no effect of the presence of 
D.tryoni on the per capita fecundity of D.jarvisi. For Experiments 2A 
& 2B, the analyses showed significant effects of "species of 
fly”(p<0.005 ) and "site of larval developmentsp<0.005) and a 
significant interaction (p<0.005) between these two factors. SNK 
tests on the differences between species in dissected and intact 
fruits (pooled over "type of population” (App.Table 6.2), showed that 
D.tryoni produced significantly more progeny than D.jarvisi in the 
dissected fruits but there was no difference in the intact fruits. 
Survival of both species was low in the intact fruits, particularly 
those from the mixed populations which produced only 34 D.tryoni and 
6 D.jarvisi in Experiment 2A, and 47 D .tryoni and 2 D.jarvisi in 
Experiment 23. This was surprising in view of the excellent survival 
of both species in nectarines in the previous season. Results from 
the dissected fruits showed that the densities of eggs laid in this 
experiment were no higher than previously. Thus it seems that 
excessive densities of larvae cannot explain the poor survival of 
both species and it is suggested that the fruits may have contained 
insecticide residues.
6.60 Experiment 3. The influence of the relative abundance of 
D.tryoni and D.jarvisi on individual fecundity.
In the two preceding experiments the initial ratio of D.tryoni 
and D.jarvisi in the mixed species populations was always 1:1. In the 
field the ratio of adults is likely to fluctuate in both space and 
time as flies arrive at and depart from trees. Indeed it seems likely
Figure 6.4. The mean number of adult progeny produced by 
female D.jarvisi and D.tryoni when together (50J+50T) and in 
controls at the same intraspecific (50J or 50T) density or 
the same total density (100J or 100T). Pronumerals indicate 
significant differences between population types and between 
intact and dissected fruits for each species.
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Table 6.6. Total numbers of adults, the mean number of adults/ fruit 
and the mean number of adults/ female produced from fruits In each
treatment of Experiment 2.
Totals are for 10 fruits in each case. All data from intact fruits in 
Expt. 2c was lost (see text).
Species Initial 
of fly Population
Expt. 
No.
Dissected fruits 
Total No. No. 
flies /fr. Range /<j)
Intact 
Total No. 
flies /fr.
fruits
Range
No.
D.jarvisi 100J 2a 198 19.8 0-81 2.0 56 5.6 0-18 0.6
2b 89 8.9 0-24 0.9 30 3.0 0-11 0.3
2c 142 14.2 0-37 1.4 - - - -
50J 2a 74 7.4 0-20 1.5 26 2.6 0-10 0.5
2b 58 5.8 0-26 1.2 33 3.3 0-12 0.7
2C 98 9.8 0-28 2.0 - - - -
50J:50T 2a 38 3.8 — 0.4 6 0.6 _ 0.1
2b 83 8.3 - 1.7 2 0.2 — 0.05
2C 82 8.2 — 1.6 - - - -
D.tryoni 100T 2a 622 62.2 27-92 6.2 198 19.8 0-101 2.0
2b 602 60.2 38-79 6.0 153 15.3 0-43 1.5
2 C 498 49.8 23-77 5.0 - - — -
50T 2a 253 25.3 11-38 5.1 69 6.9 0-35 1.4
2b 315 31.5 16-66 6.3 33 3.3 0-12 0.7
2 C 266 26.6 12-41 5.3 - - - -
50J :50T 2a 265 26.5 — 5.3 34 3.4 — 0.7
2b 218 21.8 - 4.4 47 4.7 - 0.9
2 C 224 22.4 — 4.5 - - - -
D.tryoni & 50J:50T 2a 303 30.3 2-49 — 40 4.0 0-14
D.jarvisi 2b 301 30.1 5-100 - 49 4.9 0-12 —
combined 2c 306 30.6 0-60 - - - - —
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that D.jarvisi females would often be considerably outnumbered by 
D .tryoni in most trees. This situation is examined later. Here I 
investigated whether the relative abundance of the two species had 
any effect on the fecundity of individual females.
6.61 Methods:
Handling, release and maintenance of flies and fruits were as 
described for Experiment 1. Six cages were available. These were 
stocked with the following populations;
Cage 1 - 10J + 50T Cage 2 - 10J alone
Cage 3 - 30J + 30T Cage 4 - 30J alone
Cage 5 - 50J + 10T Cage 6 - 50J alone
Ratios of the species in the mixed populations thus varied from 
1:5 to 1:1 to 5:1 with controls of D.jarvisi at equal intraspecific 
densities. There were insufficient cages available to simulataneously 
run control populations of D.tryoni. There was also no population of 
60J to act as a control for the effect of the total density of 
adults. The experiment was repeated twice. After the first experiment 
half the fruits were dissected and half left intact as before, but 
after the second repeat all fruits were left intact because of a 
shortage of time in which to perform dissections.
As well as recording the numbers of flies which emerged from 
each fruit I also measured the wing length of up to 10 adults which 
emerged from each of 10 fruits from each cage. Wing length is a 
reliable measure of body size (Chapter 4). For fruits from the mixed 
population up to 10 of each species of fly from each fruit were 
measured. This data was analysed using regression analysis and ANOVA 
to determine whether the mean size of D.jarvisi adults was related 
to: a) the total number of flies reared from each fruit b) the number 
of D .jarvisi from each fruit or c ) the number of D .tryoni from each
fruit.
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6.62 Results.
6.621 Number of progeny per female.
Results for D ♦tryoni and D.jarvisi were analysed separately 
using 2 and 3 factor ANOVAS. The mean number of progeny/female/fruit 
are shown in Figures 6.5 & 6.6 and the total numbers of flies 
produced in each population in Table 6.7.
As in previous experiments, D.tryoni females produced 3-6 times 
as many progeny as D.jarvisi, but in both Experiments 3A and 3B, 
there was no significant influence of the presence of D.tryoni on 
fecundity of D .jarvisi irrespective of their relative abundances 
(Fig.6.5, 6.6 App. Table 6.3). Furthermore, in Experiment 3A, there 
was no significant difference between the number of adults produced 
per female from the dissected and intact fruits. This result tends to 
reinforce the interpretation that insecticide residues were 
responsible for the poor survival of larvae in intact fruits in 
Experiment 2. There was considerable variation in the numbers of 
flies produced per fruit (Table 6.7). The large SE's shown in Figs. 
6.5 & 6.6 for D.jarvisi?resulted mainly because the distribution of 
progeny was highly aggregated and most fruits did not produce any 
adults of this species (Table 6.8).
In the case of D.tryoni, there was, in Experiment 3A, a 
significant decline in per capita fecundity as the number of 
D.tryoni in the population increased (p<0.005, App. Table 6.3). In 
Experiment 3B, Cochrane’s test for homogeneity of variances was 
significant, despite various transformations of the data, mainly due 
to the higher variance associated with the mean numbers of progeny/ 
female/fruit from the 10T:50J treatment. The means of the other two 
treatments (30T:30J, 50T:10J) were compared with a "Student’s t" test 
and shown not to be significantly different. As Figures 6.5 and 6.6 
show^in both experiments, female D.tryoni in the 50J:10T population 
produced about twice as many progeny as those in the other two 
populations (30J:30T, 10J:50T, Fig. 6.4). This was not the case for 
D.jarvisi. This pattern of a negative relationship between the
Figure 6.5. The mean number of adult progeny produced by 
female D.jarvisi and D.tryoni when alone or mixed in various 
initial ratios in Experiment 3a. Note the different axis for 
D .tryoni. Pronumerals indicate significant differences among 
means for each species.
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density of D.tryoni and individual fecundity was also evident though 
not significant in Experiment 1. In four of the five repeats of that 
experiment, individual fecundity of female D .tryoni was higher in the 
50T:50J population than in the 100T population. Observations of the 
agonistic behaviour of D .tryoni and D.jarvisi presented later, 
suggest that differences in aggression between the species may 
explain this difference in the effect of intraspecific density.
Table 6.8 shows the proportion of fruits infested by each 
species, and indicates the difference between the two species in 
their ability to locate and infest fruits on a single tree. Even when 
only 10 D.tryoni were present they were able to infest 95-100% of the 
fruits; whereas 10 D.jarvisi located and infested only 20-30%. There 
was, however, no indication that the proportion of fruits infested by 
D .jarvisi was reduced in the presence of D .tryoni.
6.622 Comparisons of the size of adult D.jarvisi produced in the 
presence and absence of D.tryoni.
Figure 6.7 shows the relationship between the wing length of
D .jarvisi progeny and the total number of adults produced per gram of
fruit in the presence and absence of D .tryoni. The question of
whether the size of D.jarvisi adults is influenced by the presence of
D .tryoni is confounded by the low numbers of adults/fruit from the
control populations of D.jarvisi. In populations containing D.tryoni,
the overall number of flies/fruit was higher (Table 6.7) simply
because of the higher fecundity of D.tryoni. For 17 fruits from the
control D.jarvisi populations there was no relationship between wing
length and the number of adults/gram (y=-0.14x + 6.23, F =0.74,
X f X5
NS), apparently because the densities of larvae were always above the 
threshold at which adult size was influenced by a shortage of food.
On the other hand for the 29 fruits from the mixed populations there 
was a significant negative relationship between D.jarvisi wing length 
and the total number of adults/gram (y=-0.28x +6.36, F^ 27=12.58, 
p< 0.005). From Figure 6.7 it is clear that the points from the 17 
fruits which contained only D .jarvisi (from controls ) lay along the
same line as the significant relationship for fruits from the mixed
Table 6.7. Total numbers of adults of each species produced by 
D .tryoni and D.jarvisi from each population in Experiment 3.
In Expt.3a, 10 fruits were dissected and 10 left intact. For expt.3b 
all 20 fruits were left intact.
Initial
Population
Expt.
no. No.T.
Dissected fruits 
No.J Mean/ Range 
fruit
No.T
Intact 
. No. J
frui ts 
Mean/ 
fruit
Range
10J 3a — 24 2.4 0-14 — 28 2.8 0-18
3b - - - - — 61 3.0 0 -22
10J :50T 3a 352 29 38.1 13-71 411 51 46.2 0 -90
3b - - - - 1673 121 89.7 31-172
30 J 3a — 71 7.1 0-40 - 62 6.2 0-18
3b — — — — — 201 10.1 0-46
30J:30T 3a 245 46 29.1 10-72 151 36 18.7 0-40
3b — — — — 1323 171 79.7 34-139
50J 3a — 88 8.8 0-23 100 10.0 0-23
3b - - — - - 191 9.6 0-41
50J:10T 3a 144 63 20.9 6-46 188 115 30.3 10-86
3b — — — — 837 265 55.1 0-131
Table 6.8. Percentage of fruits which produced progeny of each species in
each population of Experiment 3.
Percentage of fruits infested by 
Initial Population D.jarvisi D.tryoni
Expt.3a Expt 3b Expt.3a Expt.3b
10 J 20.0 30.0 - -
10J:50T 35.0 70.0 95.0 100.0
30 J 25.0 50.0 — -
30J:30T 35.0 70.0 95.0 100.0
50J 90.0 50.0 - -
50J:10T 45.0 85.0 95.0 95.0
Figure 6.6. The mean number of adult progeny produced by 
female D.jarvisi and D.tryoni when alone or mixed in various 
initial ratios in Experiment 3b. Results are for dissected 
fruits only.
Figure 6.7. The relationship between wing length and the 
number of adults produced/ gm. of fruit for D.jarvisi in the 
presence (o ) and absence (•) of D .tryoni. Each point is the 
mean wing length of up to 10 flies from a single fruit.
FIGURE 6-6
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populations. An analysis of covariance was not valid because of
heterogeneity of residual variances which was not removed by
transformations. Therefore, since all the fruits from the control
populations of D.jarvisi produced less than 1.0 adult/gm, I compared
the size of D .jarvisi in the presence and absence of D .tryoni for
fruits with less than 1.0 adult/gm. There was no significant
difference (F =0.69, NS). This suggests that the significant xi Zo
relationship in fruits from the mixed cages is due to the influence 
of density per se; rather than an added deleterious effect of 
D .tryoni.
6.70 Experiment 4. The fecundity of D.jarvisi in the presence of 
D.tryoni, when D.jarvisi is a rare component of the population in a
tree.
6.71 Methods.
In this series of experiments, D.jarvisi made up only 16.7% of 
the initial number of adults in mixed populations with D ,tryoni„ The 
experiment was repeated four times from 22 January to 20 February 
1982. There were four populations for each repeat experiment as 
follows: Cage 1 Cage 2 Cage 3 Cage 4
10J :50T 10J 60J 60T
All details of experimental design were as for Experiment 1^  
except that all fruits were left intact and larvae allowed to develop 
in situ. Thus I did not independently assess the number of eggs laid 
in the various treatments in this case.
6.72 Results.
When female D.jarvisi made up only 16.7% of a mixed population 
with D .tryoni,they produced as many progeny/female as when D.tryoni 
was absent (Fig. 6.8, Table 6.9, App. Table 6.4). There was also no 
difference between the repeat experiments. As before, individual 
D.tryoni produced about twice as many progeny as D .jarvisi (Fig.
Figure 6.8. The mean number of adult progeny produced by 
female D.tryoni and D.jarvisi when mixed together in an 
initial ratio of 5:1 and in controls of equal intraspecific 
density (10J, 60T) and total density (60J). Note the 
different axis for D .tryoni. Pronumerals indicate significant 
differences among populations in all experiments for each 
species. Por D.jarvisi there was no difference in fecundity 
between populations or between experiments.
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Table 6.9. Total numbers of flies produced and number/ fruit for 
Expts. 4a-4d where D.jarvisi was a rare member of the population
Expt. 
No.
Population
Progeny of:
D .tryoni
Total No./<j) Range 
adults
D. jarvisi 
Total No ./<j> 
adults
Range
4a 60T 462 23.1 1-51 - - -
60J - - - 106 5.3 0-33
10 J - - - 31 1.6 0-10
10J:50T 677 33.9 — 33 1.7 3-62
4b 60T 418 20.9 ■> — — —
60J - - - 140 7.0 0-18
10J - - - 52 2.6 0-14
10J:50T 544 27.2 — 49 2.5 9-48
4C 60T 308 15.4 0-48 — — —
60J - - - 89 4.5 0-27
10J - - - 22 1.1 0-8
10J:50T 463 23.2 — 23 1.2 0-61
4d 60T 171 8.6 0-39 — — —
60J - - - 84 4.2 0-18
10J - - - 26 1.3 0-13
10J:50T 151 7.6 - 11 0.6 0-58
Table 6.10 
Species
. Percentage of the fruits in each population 
produced progeny of D.jarvisi and D.tryoni.
Initial Population
Expt. 60 J 10J 10J:50T
which
60T
D.jarvisi 4a 35.0 25.0 40.0 -
4b 65.0 30.0 35.0 -
4C 45.0 15.0 25.0 -
4d 45.0 25.0 20.0 —
Mean 47.5 23.8 30.0 —
D. tryoni 4a - - 100.0 100.0
4b - - 100.0 85.0
4c - - 90.0 80.0
4d - - 70.0 85.0
Mean __ — 90.0 87.5
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6.8), a somewhat lower differential than previously. For D.tryoni, 
there was also no significant influence of type of population on 
individual fecundity. There was, however, a significant difference in 
the number of progeny produced by D.tryoni between experiments 
(p<0.005 ). This was due mainly to the low fecundity of P.tryoni in 
Experiment 4D. There was no increase in fecundity of D.jarvisi in 
this case. Although the initial ratio of species in the mixed 
populations was 5 D.tryoni to 1 D.jarvisi,the higher individual 
fecundity of D.tryoni resulted in a ratio among the progeny ranging 
from 11:1 to 20:1 (Table 6.9). Table 6.10 shows that the presence of 
D.tryoni did not affect the proportion of fruits infested by 
D.jarvisi. Regression analyses were used, with data from the mixed 
population, to examine whether the number of P.jarvisi which emerged 
from a fruit was dependent on the number of P .tryoni produced. Only 
one of the four regressions was significant (Experiment 4P, F = 
41.30, p<0.005), but this relationship was positive.
6.80 Observations of interactions between female Pacus in field
cages and in the field.
P.tryoni females are known to actively defend fruits against the 
intrusion of other females (Pritchard 1969). If female P.tryoni also 
displace females of other species, they may limit the access of these 
species to fruits. Pritchard (1969) provides a detailed description 
of the agonistic behaviour of female P .tryoni. When two females meet 
on the same fruit they engage in a physical interaction which usually 
results in one female being displaced from the fruit. Aggressive 
behaviour may also be directed towards other insects, small spiders 
and inanimate objects (pencil tip) (pers. obs) placed near females 
which are engaged in exploration of a fruit.
Pritchard (1969) suggested that aggressive behaviour may act, at 
high densities, to limit the number of eggs laid into individual 
fruits and to produce a more uniform dispersion of eggs among fruits. 
As a result the available food may be utilised more efficiently 
(Monro 1967). There have been no documented reports of such 
interactions between females of different species but in view of the
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aggressiveness of D .tryoni towards objects other than female Dacus, 
it is reasonable to expect similar interactions to occur after an 
encounter between female D .tryoni and D.jarvisi. Here I describe and 
analyse data, collected during the field cage experiments and in the 
field, on the frequency and outcome of interactions between females 
of these species. While D.tryoni may monopolise access to fruit by 
physically displacing D.jarvisi, this interaction is likely to be of 
importance only if:
1. D.tryoni more often displaced D.jarvisi in interspecific 
encounters than vice versa and
2. encounters occurred sufficiently often to influence the fecundity 
and pattern of egg deposition by individual females.
6.81 Interactions in the field cages.
In most encounters in the field cages, two females were already 
present when the encounter was first noted, so it was not possible to 
determine which fly had arrived first ("resident") and which had 
arrived later ("intruder"). An "encounter" was defined as the 
occurrence of two females on the same fruit, while an "interaction" 
was defined as the occurrence of aggressive behaviour, usually 
leading to the displacment of one fly. An encounter need not 
necessarily result in an interaction. For each encounter I recorded:
(i) the species of flies involved.
(ii) whether an aggressive interaction occurred.
(iii) which species was displaced.
(iv) the approximate length of the interaction until aggression 
ceased or one fly was displaced.
A total of 159 encounters of two or more flies were oberved in 
the field cages. In most cases only two flies were involved. A total 
of 68 encounters between female D.tryoni were observed. Of these, 
92.6% resulted in an aggressive interaction in which one fly was 
displaced. The length of interactions ranged from 1-2 sec to several
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minutes. In several of the brief interactions there was no physical 
contact between flies. One fly simply left the fruit when the 
aggressor approached it. On the other hand, protracted interactions 
usually involved long periods when the flies stood "shoulder to 
shoulder" vigorously beating their wings in an attempt to push the 
other fly from the fruit. Such bouts were often interrupted by bouts 
of exploratory behaviour. In some cases females, which had broken off 
an interaction, oviposited simultaneously on opposite sides of the 
fruit where they were unaware of the other's presence. Plies which 
were displaced during the interaction often moved to nearby leaves 
and occasionally returned to the same fruit. In some cases the 
aggressor continued to pursue the displaced fly on nearby leaves.
The behaviour of D.jarvisi was markedly different from that of 
D .tryoni. Only 18.2% of 44 encounters between two D.jarvisi resulted 
in aggressive interactions. In all of these one female was displaced, 
but in the majority of cases female D.jarvisi were not aggressive. 
They appeared not to be aware of or else ignored the presence of the 
other. Females were often observed simultaneously exploring the fruit 
surface. Up to four female D .jarvisi were observed on one fruit and 
on two occasions a pair of females oviposited simultaneously into the 
same oviposition puncture. This marked difference in aggression 
between the species was at first thought to be due to aberrant 
behaviour of laboratory reared flies, but observations of D.jarvisi 
in the field (Section 6.82) confirmed those described here.
A total of 47 encounters between D .tryoni and D.jarvisi females
were recorded. Of these 83% (39) resulted in an aggressive
interaction. D.tryoni was the aggressor in 29 interactions and in 19
of these D.jarvisi was displaced. In the remaining ten cases where
D.tryoni was the aggressor, the female D.jarvisi appeared to ignore
the charges and butting of the other female and continued exploratory
behaviour. D .jarvisi was the aggressor on 10 occassions and
successfully displaced the D.tryoni female in each case. There was no
significant difference between the species in the proportion of
2interactions in which they were displaced (% =2.79, NS).
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Females of neither species were observed to attack flies which 
had commenced oviposition. Aggressive interactions occurred only 
between females which were in the exploratory phase of oviposition 
prior to or after completing an oviposition. On one occasion a female 
D.jarvisi was seen to arrive on a fruit and complete an oviposition 
while two D.tryoni females engaged in a protracted interaction on the 
same fruit. Females which were ovipositing were never observed to 
break from oviposition to attack a second female, although this has 
been observed in the field (Pritchard 1969, pers. obs). It may be 
that aggressive behaviour is suppressed after the exploratory phase 
and after oviposition has begun.
6.82 Interactions in the field.
Oviposition behaviour of female D .tryoni, D .neohumeralis and 
D.jarvisi was observed on fruiting guava trees in March 1981 and 
1982. Females were observed from the time they arrived on a fruit 
until oviposition ceased. Details of oviposition times are given 
elsewhere (Chapter 4). Observations of oviposition by D.jarvisi into 
its native host, Planchonia careya, were made in January 1982.
Of 71 complete sequences of oviposition by female Dacus into 
guavas, only 9 (12.7%) were disturbed by the arrival of a second 
female. In 7 of these, the resident female was exploring the fruit 
and in each case she successfully displaced the intruding fly. In the 
other two cases, the resident had commenced oviposition. One of these 
females (D.neohumeralis) ceased laying and chased the intruder 
(D.musae) from the fruit. The other female (D .neohumeralis ) ignored 
the intruder (D ♦neohumeralis) which eventually left without 
ovipositing.
These field observations confirm the aggressive behaviour of 
some Dacus females seen in the field cages. However, because time in 
the field was limited, the observations were made on trees at which 
densities of females were noticeably higher than elsewhere; so as to 
maximise the number of oviposition sequences recorded. This strongly 
suggests that at most sites, the probability of encounters between
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two females on a single fruit is low at the adult densities 
prevailing in the field (during 1981,1982). In view of the brief 
period of time required for the complete oviposition sequence (max. 
of 15-20 minutes)^ it is unlikely that interactions between females 
can markedly influence the fecundity or pattern of oviposition of 
females, except when densities are unusually high.
Observations of the behaviour of wild D.jarvisi on Planchonia 
trees confirmed the lack of aggression seen in this species in the 
field cages. Again observations were concentrated at trees with high 
densities of females. A total of 25 encounters of two or more females 
were observed, none of which resulted in an aggressive interaction or 
displacement. The most striking case is shown in Plate 6.2. Up to 7 
females were observed on this one fruit. One female was ovipositing. 
When she had finished^two others laid into the same puncture. The 
aggregation lasted for at least 45 minutes. Dissections of several 
Planchonia fruits showed that a single oviposition puncture may 
contain from 12 to 212 eggs (Chapter 10). Apparently many female 
D.jarvisi utilise a single puncture after one has successfully bored 
through the tough outer skin of this fruit.
These observations provide no support for the view that 
D.tryoni may exclude female D ,jarvi3i from fruits by physical 
displacement because when interactions did occur, D.jarvisi was not 
most often displaced, and more importantly because encounters seem to 
occur too rarely in the field to be of significance.
6.90 Discussion.
Effect of D.tryoni on the numbers of progeny produced by D.jarvisi
in a single patch of host trees.
These experiments provide no evidence that the fecundity of 
D.jarvisi was adversely affected by the presence of D.tryoni in the 
same trees. This was true irrespective of the relative abundance of 
females of the two species and despite a considerably higher
APLATE 6.2 (A) A Planchonia careya tree.
(B) A group of female D.jarvisi on a Planchonia fruit in the field. No 
aggressive interactions were observed among this group which remained on 
the fruit for about 45 minutes.
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fecundity of D.tryoni. Even when D. jarvisi was a minority of the 
adult population, the fecundity of individual females was not reduced 
by the presence of D .tryoni. Larvae of the two species developed 
together in the same fruits and the pattern of emergence of the two 
species did not suggest any effect of larvae of one species on the 
survival or growth of the other. This was in agreement with the 
laboratory experiments described in Chapter 5. In view of the fact 
that the densities of adults used and the densities of larvae in 
fruits were considerably higher than is usually observed in the field 
(Gibbs 1965, Bateman & Sonleitner 1967, Chapter 10), it seems 
unlikely that interspecific interactions influence the fecundity of 
either species when they co—occur within a patch. Indeed the results 
of Experiments 1,2 and 3 suggest that at high densities, D.tryoni may 
interfere more with the fecundity of conspecifics than with female 
D.jarvisi.
However, it is important to recognise some limitations to the 
interpretation of these experiments. By design they simulate the 
situation where numbers of gravid females of each species 
simultaneously colonise a tree and infest a fixed number of fruits. 
Necessarily, potential differences between D.tryoni and D.jarvisi in 
dispersive capabilities and in responses to variation between fruits 
were excluded. In attempting to extend the results to the field it is 
necessary to recognise the spatial scales on which the two species 
may interact. Obviously larvae can interact only within individual 
fruits and adults will interact directly only within a patch. On the 
broader scale of a local population which may be distributed over 
several patches, differences in fecundity and the dispersive 
abilities of D ,tryoni and D.jarvisi may be important.
Because ripening fruits occur as ephemeral patches, the rate of 
increase of the local population of each species will depend not only 
on the abundance of fruit and per capita fecundity but also on the 
number of patches colonised and the synchrony of the arrival of 
females with maturation of the fruit. The order of arrival of females 
of different species at a patch will also have an impact on their 
reproductive success. The suitability of patches of ripening fruit
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for infestation by Dacus is not constant, but will change as ripening 
proceeds. Thus females whose arrival coincides with the onset of 
maturation should produce more progeny, within that patch, than 
females arriving later. On a local scale, chance events during 
colonisation of individual patches may result in considerable 
variation in the composition of the adult population which locate 
each patch. Some patches may be colonised only by D.tryoni or 
D.jarvisi. Collections of infested guavas (Chapter 10) showed much 
variation between sites in the composition of the Dacus community and 
in the overall abundance of flies (as indicated by the numbers of 
adults reared from fruit samples). Some sites were not located by any 
species. Thus even if D.tryoni were to adversely affect the fecundity 
of D.jarvisi within a patch, the spatial heterogeneity in the 
distribution of species among patches would allow the two species to 
exist together on the one host.
Effect of D.tryoni on the rate of increase of D.jarvisi over a
number of generations.
Nevertheless these experiments consider only the rate of 
increase of D.jarvisi in the presence of D.tryoni over a single 
generation. A consistent feature of all the experiments was the 
markedly higher fecundity of D .tryoni relative to D.jarvisi. The 
experiments suggest that if equal numbers of the two species colonise 
a patch, 3-5 times as many D.tryoni as D.jarvisi will eventually 
disperse from it to other areas. Results in Chapter 7 also show that 
D .tryoni may complete its development more quickly than D.jarvisi and 
so disperse to other areas sooner. Both these features may be 
important if D.tryoni and D.jarvisi shared hosts over a number of 
consecutive generations. Nothing is known at present of the 
dispersive capabilities of D.jarvisi, though it did successfully 
locate isolated guava trees (Chapter 10). D.tryoni is known to be 
capable of dispersing widely (Fletcher 1974a). If it is assumed that 
the two species have similar powers of dispersal, the higher 
fecundity of D.tryoni may nevertheless mean that it will colonise a 
greater proportion of patches of subsequent hosts. More importantly, 
for the patches located by both species, there will be a higher
140
probability that D. tryoni will arrive first and so gain first access 
to the ripening fruits. For some other animals which utilise discrete 
resources, the order of arrival is crucial in determining which 
species gains access to the resource (Beaver 1977, Sale 1977). As I 
show in Chapter 9, female Dacus are deterred from ovipositing in 
fruits which already contain larvae, whether conspecifics or 
otherwise, and young larvae may suffer increased mortality in the 
presence of older larvae (Chapter 5). Consequently, if D.tryoni has a 
higher probability of arriving at a patch before D.jarvisi, it may 
reduce the availability of fruit for the second species. Thus the 
advantage in fecundity, and possibly dispersal, in favour of 
D.tryoni may lead to a decline in the abundance of a local population 
of D.jarvisi, if the species share a number of consecutive hosts over 
a number of generations. Even so some patches may be colonised first 
by D.jarvisi and, as suggested by the model of Atkinson & Shorrocks 
(1981), the two species would probably exist together for many 
generations. Certainly, however, if these two species were allowed to 
increase over a number of generations in a closed laboratory 
environment, lacking patch structure and ignoring stochastic factors 
of dispersal, D.jarvisi is more likely to become extinct than 
D.tryoni.
Over much of its range in Queensland, D.jarvisi is able to 
develop large local populations each year in its preferred native 
host, Planchonia careya, to which it has exclusive access (Chapter 
10). Planchonia might, therefore, be considered a refuge for 
D.jarvisi. An unknown proportion of the progeny produced in this 
host, perhaps only a subset of the genotypes present in the 
population, then infest other fruits, particularly guava. Present 
evidence suggests that D.jarvisi shares hosts with D.tryoni only 
during the late summer months, for perhaps 1 to 2 generations (May 
1963, Chapter 10). Consequently, the scenario outlined above, which 
assumes that the species occur together in hosts for several 
genrations is unlikely to occur in the field. Since the species 
appear to overlap mainly at this time of year, when a large 
population of D.jarvisi is available to colonise
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cultivated hosts, it seems unlikely that, at the present time, the 
abundance and fecundity of D.jarvisi in these areas is influenced by 
the presence of D.tryoni.
However, if D.jarvisi were to extend its permanent range 
southwards below the distribution of P .careya, (assuming there are no 
climatic restrictions) it may have to share hosts with D.tryoni over 
the entire season. In this case, in the absence of its refuge,
D.jarvisi may remain rare (as it appears to be in New South Wales), 
because D.tryoni has an advantage in fecundity and is able to preempt 
D.jarvisi by gaining access to most patches of fruit first.
Other studies of the effect of one species on the distribution and
abundance of another.
The view that interspecific competition has been a dominant 
evolutionary force shaping the structure of ecological communities or 
is a proximate factor controlling the relative abundances or 
distributions of species is well entrenched in theoretical ecology 
(Macarthur 1972, Cody & Diamond 1975, Hutchinson 1978). This view was 
derived largely from deterministic mathematical models of population 
growth of Lotka and Volterra and the experiments of Gause. It 
progressed into the formalised theory of the niche (Hutchinson 1957) 
and the associated concepts of "niche overlap", "limiting similarity" 
and "competitive exclusion". Implicit in this view is the assumption 
that populations achieve equilibrium densities at which they 
fluctuate with a steady variance around an average population size 
(Price 1980 ).
This view has been strongly challenged by workers who emphasise 
the spatial and temporal heterogeneity of natural environments and 
the stochastic events which may influence the distribution and 
abundance of animal populations (Andrewartha & Birch 1954; Birch 
1971, 1979; den Boer 1968, 1980; Connell 1975,1980; Sale 1977,1982; 
Simberloff 1980; Chesson and Warner 1981). This view holds that 
populations of similar species rarely increase to levels where 
resources become limiting in all parts of their range, or that a
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limiting resource becomes available in an unpredictable manner such 
that chance events in recruitment determine the local abundance of 
each species (Sale 1977,1982). Species may be held below the carrying 
capacity of the environment by extrinsic factors such as weather, 
predation or unpredictable local disturbance. This view does not deny 
that one species may influence the distribution and abundance of 
another when resources do occasionally become limiting, but doubts 
that this occurs regularly enough in unpredictable, varying 
environments to be of general importance (Wiens 1977). Moreover, in 
contrast to the deterministic school this view concludes that 
populations and communities, of insects in particular, usually do not 
achieve equilibrium densities, because of the patchy, ephemeral nature 
of resources (Price 1980) or the unpredictability of disturbances 
(Connell 1975,1980, Blau 1981) or recruitment (Sale 1977).
The effect of one species of insect on the rate of increase of
another has been studied in a multitude of laboratory experiments,
mostly with flour and grain beetles or Drosophila, where the growth
of populations is examined when the species are crowded together or
in isolation (Park 1948, 1954; Birch 1953; Andrewartha & Birch 1954,
Barker 1980). In most cases one species, usually that with the lower
r , eventually became extinct, though coexistence often continued m '
for many generations. While these studies have contributed to 
theoretical models of species interactions, they are of little 
relevance to most field situations. They have, however, shown that 
small changes in physical features of the environment (temperature, 
humidity) or the genetic constitution of founding populations can 
markedly alter the outcome of any interaction between species (Park 
1954, Park et al 1964, Birch 1953). These results tend to reinforce 
the view that environmental heterogeneity itself may allow 
coexistence of species with very similar requirements (Birch 1971, 
Wiens 1977).
Observations of present day patterns of resource use ("niche 
width", "niche overlap") or morphological variation between species 
in areas of sympatry are often advanced in support of an evolutionary 
or proximate role for interspecific competition. However, these
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patterns are open to alternative explanations (Wiens 1977; Birch 
1979; Connell 1980; Lawton & Strong 1981; Strong 1982a). Connor & 
Simberloff (1979), Strong et al (1979) and Strong (1980) have all 
emphasised the need for testable null hypotheses in ecology and have 
critically examined several axeas where a major role for 
interspecific competition had been inferred. In most cases,they 
concluded that the observed patterns were consistent with a model of 
random distribution of species among habitats or resources, and that 
forces such as competition did not need to be invoked. A number of 
studies have examined patterns of co-occurrence and resource overlap 
between species of insects and have found little evidence that the 
species affected one another (Rathcke 1976, Miller 1980, den Boer 
1980, Strong 1982a, Bolter 1982, Siefert 1982). Strong (1981, 1982a) 
sought evidence of interference between adult hispine beetles by 
examining patterns of co-occurrence in Heliconia leaves. The patterns 
were not consistent with any interaction between the species. Most 
were apparently held at low levels by high levels of parasitism and 
food or space were not limiting. Strong (1982b) also found no 
evidence that the host range of specialised hispine species was 
controlled by interactions with other species. Recently, Lawton & 
Strong (1981) critically examined evidence, derived from various 
patterns of distribution or overlap in resource use, that competition 
is, or has been, a major force structuring communities of phytophagous 
insects. They concluded that "interspecific competition is too rare 
or impuissant to regularly structure communities of insects on 
plants".
There is also little direct evidence from field experiments that 
species of insect influence one another's distribution and abundance 
in nature. Andrewartha & Birch (1954) and Birch (1979) provide some 
examples. McClure & Price (1975) caged populations of seven species 
of leafhoppers at densities similar to those experienced in the 
field, and showed a significant decline in fecundity as density 
increased when each species was alone or mixed with another species. 
However, in no case was fecundity reduced more by the presence of the 
other species than by additional conspecifics. Stiling (1980) also 
examined the fecundity of two species of leafhoppers when caged
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alone and together on nettles. He found that fecundity decreased in 
single species controls as density increased, but the addition of 
equal numbers of congeners caused a further significant decline in 
fecundity (at least at the highest densities used). Two recent 
studies have sought evidence that one species affects the abundance 
of others^ by removing or excluding one species and monitoring the 
abundance of the remaining species. Wise.(1981) manipulated natural 
populations of tenebrionid ground beetles in enclosed plots over a 
period of three years. Despite removing a large proportion of the 
population of the most abundant species there was no change in the 
abundance or size of the rarer species. Similarly, Kareiva (1982a) 
examined the community of herbivores on crucifers by excluding some 
species from replicated plots. The expectation of an increase in the 
abundance of one species when another was excluded was observed in 
only 2 out of 21 cases.
Several studies of insects which utilise discrete, ephemeral 
resources have found little evidence that the local abundance of one 
species is affected by another (Price 1980 )7 even though there may be 
strong effects of one on another within individual resource units. 
Holter (1982) concluded from a study of the spatial and temporal 
distribution of coprophagous beetles among dung pats that food was 
not limiting. Indeed species of beetles were contagiously distributed 
rather than segregated among pats. Beaver (1977) studied the 
community of Diptera which colonise dead snails. He found much 
variation between snails in the densities of fly larvae and in the 
species present^ and little evidence that species affected one 
another's abundance. He comments "that almost all community studies 
of habitats such as carrion and dung note the large number of species 
involved and the coexistence of many of them apparently on the same 
food".
The effect of Tephritid species on one anothers distribution and
abundance.
There have been few quantitative studies of tephritid species 
which share the same species of host fruits. Gibbs (1965) studied
145
patterns of fruit infestation and overlap between the sympatric 
sibling species, D.tryoni and D.neohumeralis , which share a broad 
range of hosts. He found no evidence to suggest that one species 
affected the other, though they appeared to diverge slightly in their 
requirements for shelter. However, Berube (1980) showed that Urophora 
affinis may reduce the abundance of U.quadrifasciata. Both species 
infest the inflorescences of Centaurea, but U .affinis preferred 
flower heads at an earlier stage of development to those preferred by 
the other species. Heads infested by U.affinis stopped growing. Thus 
when U.affinis was abundant, it reduced the availability of resources 
for U.quadrifasciata, which became rare in some sites.
There are several cases where a decrease in the abundance or 
distribution of an established tephritid has followed the 
introduction of a new species. Orian & Moutia (1960) report that 
Ceratitis capitata was apparently displaced as a pest of several 
fruits in Mauritius after the introduction of C .rosa. C .capiata may 
also have been displaced from eastern Australia by D .tryoni 
(Andrewartha & Birch 1954). The best documented case is the exclusion 
of C .capitata by D.dorsalis from lowland areas in Hawaii (Reiser et 
al 1974), discussed more fully in Chapter 5. Pavan & Souza (1979) 
also report that C .capitata is restricted to breeding in the cooler 
months in Brazil by the native species, Anastrepha fraterculus. 
However, their conclusions are based solely on the results from 
collections of infested fruits and give no direct evidence that the 
two species influence one another (see Chapter 10).
Direct aggressive interference was the mechanism involved in 
many of the studies where a demonstrable effect of one species of 
insect on another has been found (Whitham 1979, Rathcke 1976, Inouye 
1978). Aggressive species such as ants and bees figure prominently in 
the examples of exclusion listed by Birch (1979) and Lawton & Hassell 
(1981). Observations presented here support Pritchard’s (1969) 
description of aggressive interference among female D .tryoni. However 
there was little evidence that D .jarvisi was more often excluded from 
fruits than D .tryoni. More importantly the results show that such
encounters are probably rare in the field. In many tephritids, the
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males are highly territorial and defend fruits or mating territories 
against other males (Prokopy 1976b, 1977; Tychsen 1977; Dodson 1981). 
Biggs (1972), AliNiazee (1974) and Dodson (1981) have all described 
fighting between females, of R.pomonella, R.indifferens and 
A.suspensa respectively, over oviposition sites in caged laboratory 
populations but there are few observations of female-female 
encounters in the field. Prokopy (1976b) observed only five 
encounters between female R.fausta during many hours of observation 
in the field. Females spent only 2-3 minutes on the fruit during 
oviposition and none of 31 timed ovipositions was disrupted by 
another female. Similarly, AliNiazee (1974) described aggressive 
behaviour in a field population of R.indifferens, but 95% of combats 
were between territorial males. Encounters between females were rare 
and he notes that females "disregarded the presence of another fly on 
the fruit". It seems from these and my own observations that 
aggressive displacement of one species by another is unlikely to be 
of importance in field populations.
In conclusion the experiments described in this chapter show 
that when female D .tryoni and D.jarvi3i co-occur in the some trees 
the fecundity of neither species is likely to be influenced by the 
presence of the other. However the rate of increase of each species 
within a patch will be largely dependent on the order of arrival of 
the species and the advantage in fecundity, and possibly dispersal, 
of D .tryoni may allow it to reduce the availability of resources to 
D.jarvisi under certain conditions. Considerably more data is 
required from the field on the variability of recruitment of each 
species into different patches, on the order of arrival at patches 
and on the extent of movement of mature flies within and between 
patches.
147
Chapter 7. The influence of D.tryoni on the number of progeny 
produced by D.jarvisi on caged trees with naturally ripening fruit:.
7.1 Introduction.
The experiments discussed in Chapter 6 provided evidence that 
D.tryoni did not influence the fecundity or the number of adult 
progeny produced by D.jarvisi when females of both species infosLed 
fruits on the same tree. However, the experiments excluded some 
sources of environmental variability which may limit their extension 
to the field.
In Chapter 6, all the fruits were at a similar stage of 
development. In the field a single tree may carry fruits at various 
stages of development and the suitability of a patch of fruit for 
Dacus will change as the fruit ripens. Female Dacus are able to 
perceive variation between fruits due to ripeness (Chapter 8). Thus 
if female D.tryoni and D.jarvisi respond differently to differences 
in ripeness between fruits this may reduce the degree to which their 
larvae occur together. Alternatively their responses to variation 
between fruits may alter the pattern of fruit infestation in such a 
way that one species has an advantage over the other. Perhaps the 
most important consequence of variation due to ripeness would arise 
if D.tryoni consistently chose fruits at an earlier stage of ripening 
than D ,jarvisi. At densities where a high proportion of the total 
crop of fruit was infested, D.tryoni may be at an advantage because 
it has first access to fruits and may reduce the availability of 
fruit to D .jarvisi.
A further point, not addressed by the experiments in Chapter 6, 
is that fruits that develop intact on a tree are metabolically active 
and capable of biochemical or physical responses to damage by 
microorganisms or insects (Herrera 1982a, Chapts.3 & 10). For 
example, the development of larvae, of D.tryoni (Bower 1977) and 
R.pomonella (Reissig 1979), is inhibited in Granny Smith apples while 
the fruit is attached to the tree. Other fruits respond to 
oviposition by Dacus by forming hardened areas of calloused tissue
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around the puncture thus limiting the development of larvae (pers. 
obs, Hely et al 1982). These types of defence do not occur in most of 
the fruits used here, but more subtle changes in the chemical or 
physical characteristics of intact ripening fruits may affect larvae 
or eggs of D.tryoni and D.jarvisi differently and so modify the 
realised fecundity of each species.
Thus in this chapter^I investigate whether the presence of 
D .tryoni reduces the number of progeny produced by D.jarvisi when 
females are caged over trees which carry naturally ripening fruit. 
Populations were established on three species of host trees; plum 
(Prunus domestica), peach (Prunus persica) and pear (Pyrus communis). 
The experiments continued for the entire ripening period of the fruit 
crop on each tree (2-3 weeks ).
7.2 Materials and Methods.
Maintenance and handling of flies prior to their use in each 
experiment were as described in Chapter 6.
Populations were established in small, mesh cages (loaned by 
CSIFjO) enclosing fruiting plum, peach and pear trees in the Wilton 
orchard. Each cage (2m x 1.5m x 2m, Plate 7.1) enclosed a single 
branch which bore a known number of ripening fruit. The branches were 
selected and enclosed when the fruit was nearing maturity and well 
before any infestation by the natural population of D.tryoni had 
occurred.
Permanent water and feeding stations were provided in each cage 
as described in Section 6.30. In addition, each cage was misted with 
water twice daily and a yeast hydrolysate/sugar syrup was spread on 
several leaves. Details of the procedures for each variety of fruit 
are outlined below.
Plums: Nine cages were established over plum trees in November
1981. Each cage enclosed 200-250 fruits. Three cages each were 
stocked (on Dec.10) with 40 female D.tryoni or D.jarvisi and the
PLATE 7.1. One of the small cages established over fruiting branches of 
plum, pear and peach trees to house populations of Dacus.
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remaining three with 20 females of each species. Fallen fruit was 
collected on December 24. All the fruits from each cage were placed
on a bed of sand in large laboratory cages and held at constant
o25 until all adults had emerged.
Peaches: Nine cages were established over fruiting peaches (Becky
variety) in December 1981. On December 17 three control populations 
of each species and three populations containing equal numbers of the 
two species were established. The total number of females released 
into each cage varied according to the number of fruits present. If 
necessary some fruits were removed to give a maximum of 60 
fruits/cage and then sufficient flies were added to give a density of 
about 1 female/fruit. Fallen fruits were collected at two to three 
day intervals. Fruit fall commenced on Dec. 28 and was complete by 
Jan.6. Each fruit was weighed and held individually until adults had 
emerged. By holding fruits individually, information on the proportion 
of fruit infested and the distribution of species among fruit was 
obtained. In addition to counting the number of adults of each 
species produced by each fruit, the wing length of samples of flies 
from several fruits from the control and mixed populations was 
measured.
Pears: The experimental design for pears (Williams variety) was
identical to that for peaches. Populations of flies were established 
on February 1. Fruit fall commenced on Feb. 14 and was complete by 
March 6.
7.3 Results.
7.31 Plums :
Table 7.1 shows the total number of progeny and the mean number 
of progeny per female for each species in each population. A two 
factor ANOVA on individual fecundity, using "species of fly" and 
"type of population"(ie. alone or mixed with the other species) as 
the fixed factors, showed a significant difference between species 
(p<0.005, App. Table 7.1), but no effect of the type of population
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and no interaction. D. tryoni produced three to four times as many 
progeny as D.jarvisi, but the fecundity of both species was 
independent of the presence of the other species.
Table 7.1. Numbers of progeny produced by individual D.jarvisi and 
D.tryoni in the presence and absence of the other species when 
caged on fruiting plum trees.
Initial Population
P.tryoni alone Mixed 1:1 D. jarvisi alone
Rep.no. 40/cage 20:20/cage 40/cage
Tot .T No/<j> Tot .T No/$ Tot.J No/£ Tot.J No/£
1 278 7.0 238 11.9 51 2.6 110 2.8
2 311 7.8 154 7.7 46 2.3 137 3.4
3 332 8.3 167 8.4 69 3.5 101 2.5
Mean
SE
7.7 a 
0.4
9.3 a
1.3
2.8 b 
0.4
2.9 b 
0.3
Means followed by different letters are significantly different at 
P=0.05.
7.32 Peaches.
7.321 Proportion of fruit infested:
There was some variation between populations in the proportion 
of fruits which produced adult flies, due mainly to differences 
between the species of fly. From the control populations of D.tryoni, 
97.4% of fruits were infested whereas from control populations of 
D.jarvisi, only 45.8% were infested. A mean of 94.1% of fruits from 
the mixed cages were infested (Table 7.2). Thus even in the absence 
of D .tryoni, female D.jarvisi were not able to infest all the
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available fruits. These figures should be treated with some caution, 
however, because the only criteria used to judge whether a fruit was 
infested was the production of adults. In some fruits, particularly 
those from the control cages of D.jarvisi, larvae may have been 
undercrowded and unable to initiate decomposition and thus develop 
successfully. Bower (1975) investigated the effects of undercrowding 
for larvae of D.tryoni and found that at very low densities the 
survival of larvae was reduced.
Table 7.2 also shows the mean number of adults produced per 
infested fruit and the number produced per gm. of fruit tissue. 
Undoubtedly some mortality of larvae and eggs occurred and the actual 
density of larvae/gm. would have been higher than indicated by these 
figures. There was considerable variation between fruits in the 
number of flies produced (Table 7.2). For example, one fruit from a 
mixed population (Rep.l) produced 72 D.tryoni and 48 D .jarvisi.
Almost 20% of the total number of D.jarvisi produced in this cage 
came from this one fruit.
Adults which emerged from each fruit were counted on three 
occasions; 35, 40 and 48 days after the start of the experiment. All 
flies had emerged by day 48. These counts showed that the majority of 
D.tryoni completed their development earlier than D.jarvisi. Figure 
7.1 shows the percentage of the total numbers of each species which 
had emerged on each day. It is clear that many D .tryoni had emerged 
before day 35, whilst most D.jarvisi emerged by day 40, a difference 
of at least 5 days. As the figure shows, however, the time for 
development of neither species was influenced by the presence of the 
other.
7.322 Number of progeny produced by females of each species.
There was no evidence that female D.jarvisi produced fewer 
progeny in the presence of D.tryoni (Table 7.3). The table shows the 
mean number of progeny/female and the same quantity adjusted for the 
number of fruit in each cage. A two factor ANOVA on the mean number 
of progeny/female, using "species of fly" and "type of population” as
Table 7.2. Composition of experimental populations, the proportion of 
fruits infested and the numbers of flies produced per fruit for each
population enclosed over peaches.
Pop. Rep. 
no.
No. No. 
flies fruits
Mean 
wt. ( gm )
% fr. 
inf.
Total
flies
Adults/inf 
fruit(SE)
Adults/ 
Range gm.
Mixed 1:1 
1 20 each 35 95.9 97.1 881 26.1 (3.7) 2-120 0.27
2 20 each 37 87.2 91.9 672 19.8 (2.5) 2-64 0.23
3 30 each 61 83.7 93.4 1332 23.1 (2.1) 1-59 0.28
D.tryoni ; 
1
alone
25 24 67.1 96.0 1080 47.0 (4.3) 12-79 0.70
2 60 80 64.0 98.8 2383 29.2 (2.0) 2-76 0.46
3 40 39 65.2 97.0 1408 38.8 (2.5) 13-81 0.60
D. jarvisi 
1
alone
40 28 109.5 53.6 208 14.5 (2.2) 1-32 0.13
2 60 42 76.3 23.8 129 12.9 (2.9) 4-32 0.17
3 30 30 64.4 60.0 191 10.6 (3.1) 2-29 0.16
Table 7.3. Individual fecundity of female D.jarvi3i and D.tryoni when 
alone or in mixed species populations on peaches.
Initial Population
D.tryoni alone Mixed 1:1 D. jarvisi alone
Rep. D.tryoni D.tryoni D.jarvisi D.jarvisi
No. n /$/fruit /$>/ fruit /£/fruit /£ /J/fruiir
1 43.2 1.80 31.9 0.91 12.2 0.35 5.2 0.19
2 39.7 0.50 29.7 0.80 4.0 0.11 2.2 0.04
3 35.2 0.90 36.6 0.60 7.5 0.12 6.4 0.21
Mean 39.4 a 1.10 32.7 a 0.77 7.9 b 0.19 4.6 c 0.15
(SE) (2.3) (0.38) (2.0) (0.09) (2.4) (0.08) (1.3) (0.05)
Means followed by different letters are significantly different at 
P=0.05.
Figure 7.1. Pattern of emergence of adult D.tryoni and 
D.jarvisi from peaches when alone or together in 
populations over fruiting trees. D.tryoni alone - •, with 
D.jarvisi - x.
D.jarvisi alone - o, with D.tryoni - □ .
Figure 7.2. The distribution of D .tryoni and D.jarvisi 
among infested peaches from the three mixed species 
populations. Histograms show the percentage of the total 
fruits in each of the five classes.
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the fixed factors, showed a highly significant difference between the 
species (p<0.005). As before, individual D.tryoni produced 4-8 times 
as many progeny as D .jarvisi. "Type of population" was not 
significant but there was a significant interaction between "type of 
population" and "species" (p<0.05). SNK tests showed that the 
fecundity of D.tryoni did not differ between populations but 
D.jarvisi produced significantly more progeny in the presence of 
D.tryoni than in controls (Table 7.3). Values for the mean number of 
progeny/female/fruit could not be analysed by ANOVA because of 
significant heterogeneity of variances (due mainly to the large 
variance among replicates of D.tryoni alone, Table 7.3). Values for 
D.jarvisi in the presence and absence of D.tryoni were compared by 
one factor ANOVA and were not significantly different (F =0.24,
NS).
7.323 Distribution of species among fruits:
Figure 7.2 shows the proportion of infested fruits from the 
three mixed populations which produced adults of each species. Almost 
all the infested fruits produced some D.tryoni while D.jarvisi 
emerged from about 60% of fruits. Moreover a mean of 40.9% of fruits 
produced only D .tryoni,whereas D.jarvisi emerged alone from only 
1.6%. Both species developed successfully in the remaining 58.1%.
Thus D.jarvisi larvae rarely developed in the absence of D .tryoni 
larvae. Even so the proportion of fruits which produced D.jarvisi in 
the mixed populations (59.7%) was similar to the proportion infested 
by D.jarvisi in the controls (45.8%, Table 7.2). To determine whether 
the distribution of D.jarvisi among fruits was independent of the 
presence of D .tryoni in the same fruits, regression analyses were 
used to examine the relationship between the numbers of adults of 
each species produced by each fruit (Fig. 7.3). A negative 
relationship would indicate that either: D.jarvisi females avoided 
oviposition in fruits infested by D .tryoni, or that the survival of 
larvae was inversely related to the number of D.tryoni larvae 
present. Two regression equations were calculated for each cage; one 
using the data from all fruits (ie. including those which produced 
only D .tryoni) and the other using only those fruits which produced
Figure 7.3. The relationship between the numbers of 
D.tryoni and D.jarvisi adults which developed from 
individual peaches from the 3 mixed-species populations. 
Linear regressions were calculated using data from a ) all 
fruits and b) only those fruits which produced adults of 
both species. In no case were the regressions significant:
Replicate 1. a) y~ 0.2 X + 3.4, NS b) y* 0.3X t 4.5, NS
Replicate 2. a ) y= O.Olx + 2.1, NS b) y* O.Ox f 4.5, NS
Replicate 3. a ) 0.04X 3.3, NS b) -O.05X + 7.9, ]
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adults of both species. Calculated regression equations are shown in 
the Figure. None of the relationships is significant indicating that, 
at the densities experienced here, the successful emergence of 
D.jarvisi from a fruit was independent of the presence of D.tryoni.
7.324 Sizes of flies produced from control and mixed species
populations.
The reproductive fitness of female D.jarvisi is a function of 
both the number and fecundity of their offspring (Williams 1966). 
Although the presence of D.tryoni adults or larvae appears not to 
influence the net fecundity of D.jarvisi, there could be an effect on 
the fitness of D.jarvisi if the progeny produced in the presence of 
D .tryoni were smaller than those produced in single species 
populations. Fecundity of most Diptera is positively correlated with 
body size (Chapter 4) and wing length is a reliable estimate of body 
size in Dacus (Chapter 4). Therefore, the mean wing length of both 
species was examined in relation to two variables; the total number 
of flies produced from each fruit and the presence or absence of the 
other species (Fig. 7.4).
Some caution is needed in using the number of adults produced 
per fruit as a measure of the degree of crowding of larvae. If larvae 
were overcrowded in a fruit the number which obtain sufficient to 
attain normal size may be low. Most larvae may die and the fruit 
would produce a small number of small adults. In this case the number 
of adults would not indicate a low density of larvae.
Each point in the Figure is the mean wing length of up to 10 
flies from a single fruit (App. Table 7.2). There was little 
variation in the wing length of flies which emerged from the same 
fruit. In the case of flies from the mixed populations the density of 
adults/gm is calculated from the total number of flies of both 
species from each fruit. There was no significant relationship 
between size and density for either species (Fig. 7.4). For the 
fruits which produced both species I also calculated regressions of 
wing length against the numbers of each species separately. None of
Figure 7.4. The relationship between wing length and the 
number of adults produced per gram of fruit for D.tryoni 
and D.jarvisi when alone (•) and together (o). Each point 
is the mean wing length of up to 10 flies from a single 
fruit. None of the relationships are significant.
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these relationships was significant. These results suggest that, in 
most fruits, the densities at which larvae developed were below those 
at which food became limiting. Since wing length was not related to 
the number of adults produced per fruit I compared the mean size of 
each species in control and mixed infestations using ANOVA. 
Surprisingly the analyses showed that progeny of both species from 
the mixed populations were significantly larger than those from 
controls: D.tryoni, 5.22 mm vs 5.90 mm (F^ 21=24.27, p<0.01),
D.jarvisi, 6.42mm vs 6.16 mm (F^ 2q=5.27, P<0,05)* Sucil a result 
may not be surprising for D .tryoni since the overall density of 
adults/gram of fruit was lower in fruits from the mixed populations 
than in those from the control popultions of D.tryoni. However, the 
opposite is true for D.jarvisi.
7.33 Pears
7.331 Proportion of fruits infested.
As with peaches, D .tryoni successfully infested a greater 
proportion of fruits (64.8%) than did D.jarvisi (21.0%) in the 
control populations. A mean of 84.7% of fruits from the mixed 
populations produced adults. These values are lower than those for 
peaches and I suspect that many of the fruits which did not produce 
adults had been infested. Pears have a high moisture content and 
quickly lose their structure after abscission. Many of the fruits 
held in containers in the laboratory were rapidly decomposed by 
fungi. These fruits did not produce flies.
Overall the number of adults produced per fruit and per gram of 
tissue were lower than in peaches, particularly for D.jarvisi. Data 
from one of the control populations of D.jarvisi was limited because 
the enclosed branch broke from the tree soon after the first fruits 
fell. Only one of the 13 fruits from this cage produced flies (32).
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7.332 Number of progeny produced by females of each species.
D ♦jarvisi females produced very few progeny from pears (Tables 
7.4 & 7.5) in both the control and mixed populations. ANOVAS on the 
number of adults produced per female and the number per female per 
fruit showed a highly significant difference between the species 
(p<0.005 ) but no effect of the presence of D.tryoni and no 
interaction (App. Table 7.1). D.tryoni produced almost 18 times as 
many progeny as D.jarvisi in the control populations. This 
differential is considerably higher than for peaches (4.1 x) and 
plums (3.3 x ).
7.333 Distribution of species among fruits.
Of the infested fruits from the mixed populations, 99.0% 
produced some D .tryoni while D.jarvisi developed from only 24.8%.
This is considerably lower than the 60% of infested peaches from 
mixed populations which produced D.jarvisi. Consequently there were 
fewer fruits in which both species developed together (23.8%) and 
D .tryoni was the only species to emerge from 75.2% of the fruits.
Only 1.0% of fruits produced D.jarvisi alone. As for peaches I 
calculated regressions for the number of each species which emerged 
from single fruits. There was no significant relationship for any 
replicate, thus indicating that the development of D.jarvisi in a 
fruit was independent of the number of D.tryoni present in it.
None of the flies which developed in pears were measured but 
there was no indication that either species was markedly smaller than 
normal, except for a few heavily infested fruits.
Table 7.4. Composition of experimental populations, the proportion of 
fruits infested and the numbers of flies produced per infested fruit 
for each population enclosed with pears.
Population Rep.
no.
. No. 
flies
No.
fruits
Mean
wt.(g)
%
inf
Total
flies
Mean/inf 
fruit (SE)
Mean/
gm
Mixed 1:1 1 45 each 80 136.8 81.3 684 10.5 (0. 9 ) 0.08
2 50 each 115 133.0 58.3 338 5.1 (0. 6 ) 0.04
3 50 each 86 138.4 54.7 572 12.4 (1. 6 ) 0.09
D.tryoni 1 75 55 143.4 78.2 991 23.0 ( ) 0.16
alone 2 90 113 141.0 94.8 1517 13.8 ( ) 0.10
3 70 63 136.0 81.0 1014 19.9 ( ) 0.15
D.jarvisi 1 100* 13 130.4 7.7 32 32.0 ( - ' ) 0.24
alone 2 75 26 149.4 26.9 42 6.0 (2. 1) 0.04
3 90 53 134.7 28.3 131 8.7 (2.0) 0.06
* cage lost when the enclosed branch broke from the tree.
Table 7.5. Individual fecundity of female D.jarvisi and D.tryoni when 
alone or in mixed species populations on Williams pears.
Initial Population
D. tryoni Mixed 1:1 D. jarvisi
Rep no. /? /£/fr.
D
/ $
.tryoni
/Ç/fr.
D. jarvisi 
/% /$/fr. / »
1 1 3 . 2 0 . 2 4 1 4 . 2 0 . 1 8 0 . 9 6 0.012 0 . 3 2 0 . 0 3
2 1 6 . 9 0 . 1 5 6 . 3 0 . 0 5 0 . 5 0 0 . 0 0 4 0 . 5 6 0.02
3 1 4 . 5 0.22 9 . 8 0.11 1 . 6 0 0 . 0 1 9 1 . 6 4 0.02
Mean 1 4 . 9 a 0.20 8 .8 b 0.11 0 . 8 1 C 0 . 0 1 0 0 . 8 4 C 0 . 0 2
SE 1 . 1 0 . 0 3 2.1 0 . 0 3 0 . 3 1 0 . 0 0 4 0 . 4 1 0.001
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7.4 Discussion.
In answer to the null hypothesis proposed earlier, it seems that 
any influence D.tryoni females may have on the number of adult 
progeny produced by D.jarvisi is no greater than the effect of 
additional D.jarvisi. There may in fact have been no effect at all, 
as shown in Chapter 6, but the experimental design does not allow 
this to be tested. The presence of D .tryoni did not influence the 
numbers of D.jarvisi produced, despite the high densities of adults 
used to initiate populations. Many fruits from the populations 
containing both species were heavily infested, particularly the 
peaches. Even so the distribution of species among fruits and the 
size of progeny in each treatment did not suggest that the species 
had any effect on one another. As such these experiments confirm 
those in Chapter 6.
The number of adult progeny produced by females of both species 
varied considerably between the three species of fruit (cf, Table 
7.1, 7.3, 7.5). Peaches were apparently the most suitable of the 
three fruits for both species. The number of D.tryoni produced was 
lowest on plums, while pears were a poor host for D.jarvisi. It is 
not known whether this variation between fruits reflects differences 
in the numbers of eggs laid into them or in the survival of larvae 
(or a combination of both). Differences between batches of flies^used 
to initiate the populations^may also explain some of the variation^ 
though this seems unlikely to be the main cause. There was also much 
variability between fruits of the same species in the number of flies 
produced. This suggests that even when adults are numerous the 
distribution of eggs among fruits may not be uniform. It seems clear 
that certain fruits attracted markedly more eggs than others, perhaps 
because of their size, position within the cage or for some other 
reason.
An interesting point to emerge was that, in peaches at least,
D.tryoni completed its development (from egg to adult) about 5 days 
earlier than D.jarvisi. This difference was not not as marked when
larvae of each species were placed in peaches and allowed to develop
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oat a constant temperature of 25 (Chapter 2). As I discussed more 
fully in Chapter 6, this difference in the rate of development may 
have important implications for the infestation of subsequent patches 
of host fruits- This observation highlights an area not considered in 
this worJc, namely the relation between temperature and rate of 
development for each species. Since D.jarvisi is essentially a 
tropical/subtropical species, its rate of development may be more 
severely restricted in marginal southern habitats, than is that of 
D.tryoni. If D.jarvisi were to expand its permanent range into 
marginal southern areas, its rate of increase may be too low to allow 
it to obtain much of the resource. D .tryoni may be able to begin 
breeding earlier in the season and so develop larger populations than 
D.jarvisi.
In experiments described in Chapter 6, D.jarvi3i females often 
did not infest all the available fruits, even when D .tryoni was 
absent. Similarly here, when enclosed on peach and pear trees,
D.jarvisi did not successfully infest all the fruits before they 
fell, despite having access to them for many days. It might be argued 
that in the absence of D .tryoni, the overall abundance of fruit for 
D.jarvi3i would be greater and allow an increase in the abundance of 
D.jarvisi. But this is true only if D.jarvisi is able to infest a 
greater proportion of the fruit before it matures and falls. There 
may be more fruits present but many of them may be unavailable to 
D.jarvisi because they fall before being infested. This introduces 
the difficulty in determining which factors limit the availability of 
an ephemeral resource. Fruit which ripens and falls before females 
arrive or before they are able to infest it, is effectively lost to 
them. The fact that this fruit may have been infested by female 
D.tryoni does not mean that the presence of the other species had 
limited the amount of resource available to D.jarvisi. The rate of 
increase of D.jarvisi on cultivated species of fruit, for which it 
probably has no specific behavioural preference (Chapter 8), may be 
limited more by its inability to locate all patches coincidently with 
the beginning of fruit maturation and to infest most of it before 
fruit fall, than by the presence of D.tryoni.
158
Chapter 8: Oviposition Preferences of Female Pacu3 and Factors 
Which May Lead to a Breakdown of Host Specificity.
8.1 Introduction,
For many holometabolous insects, selection of a feeding site tor 
the larval stage is determined solely by the ovipositing adult. This 
is true of tephritid fruit flies. Tephritid larvae are specialised 
for feeding and growth and have poor powers of dispersal, whereas the 
adult stage is specialised for dispersal and reproduction. Feeding of 
larvae is restricted to the fruit in which eggs are deposited by the 
female and their survival is dependent on the choice made by her.
This is not true of all holometabolous insects. Many Lepidopteran 
larvae can exercise some choice of feeding site (Rausher 1980,1981, 
Singer 1971, Wiklund 1975). In these insects the adult often selects 
the first host plant and the larva, after a period of feeding or 
diapause, selects a second plant, perhaps of a different species, on 
which to complete development.
Because survival of tephritid larvae is dependent on adult 
behaviour^ natural selection should result in adults discriminating 
against fruits in which larval survival is poor. Discrimination may 
occur on two levels. Firstly, females may discriminate between 
different species of fruit on the basis of various stimuli from the 
environment and the host. Secondly; they may discriminate between 
individual fruits within a single species on the basis of differences 
in ripeness or the presence of other larvae. This second possibility 
is examined in Chapter 9. In this chapter^I examine the oviposition 
preferences of several species of Pacu3 in the laboratory, to 
determine whether their host range is restricted by sfrict 
behavioural specialisations such that only a subset of the potential 
hosts are recognised by ovipositing females.
Different species of fruit, both wild and cultivated, vary 
widely in their suitability for growth and development of tephritid 
larvae (Allman 1939; Rivnay 1950; Rajamannar 1962; Macion et al 1966; 
Neilson 1967; Dean & Chapman 1973; Chelliah & Sambandam 1974; Bower
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1975; Pree 1977, Pitt 1981a; Chapter 2). Studies with many insects 
besides Tephritids have often shown a strong correlation between the 
preferences of adults and the suitability of hosts for their larvae 
(Chew 1975,1977; Feeny 1975; Rausher 1979a,1980; Wiklund 1974,1975; 
Jaenike 1980). There are, however, many examples where the 
correspondence between oviposition preferences of adults and host 
suitability for larvae is poor (Hsiao & Fraenkel 1968; Chew 
1975,1977,1980; Wiklund 1975; Courtney 1981). Many studies indicate 
that the range of hosts accepted for oviposition is narrower than 
that suitable for development of larvae, and in some cases 
oviposition behaviour appears to be maladaptive rather than optimal 
(Jaenike 1978).
There is much diversity in the oviposition behaviour of 
phytophagous insects. Females of most species deposit their eggs in 
specific sites often on plants in a single family or group of related 
families (Dethier 1954, Ehrlich and Raven 1964). A few insects, for 
example phasmids (Clark 1974) and some moths (Dethier 1959), show no 
specific site selection for oviposition and appear to drop eggs 
indiscriminately in leaf litter in the general area of suitable host 
plants. In general, oviposition by female Dacus occurs only in 
tissues of fleshy fruits where development of larvae is possible, 
though some species eg. D.diversus and D.cucurbitae, infest flower 
buds of cucurbitaceae (Batra 1953).
Selection of an appropriate host for oviposition may be viewed 
as a linked sequence of behaviours (Schoonhoven 1968; Thorsteinson 
1960; Kogan 1975,1977) in which each response to environmental 
stimuli places the insect in a new position to receive the next 
stimulus. Kogan (1977) illustrates the generalised host-selection 
process for a phytophagous insect. Five major components are involved
1) Location of the host's habitat.
2) Location of the host plant within the habitat.
3) Recognition of the host.
4) Acceptance of the host.
5) Suitability of the host for development of larvae.
(Kogan 1975, Vinson 1976)
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Each action in the sequence involves responses to various 
chemical and physical stimuli from the environment. Long distance 
orientation to host plants is probably accomplished by upwind flight 
stimulated by odours from the host (positive anemotaxis, Kennedy 
1977; Finch 1980), though there is little evidence that insects 
orientate to host-plant odours over more than a few metres 
(Thorsteinson 1960, Kennedy 1977, Finch and Skinner 1982). Over short 
distances visual and chemical taxes and kineses become important in 
orientation. Both chemical and physical attributes of the host may 
mediate host recognition and acceptance. The role of chemical stimuli 
as proximate cues has been emphasised in most discussions of host- 
selection (Dethier 1954; Schoonhoven 1968; Thorsteinson 1960; Kogan 
1977; Jermy 1976) and in the coevolutionary relationship of feeding 
patterns of insects and the secondary chemistry of their foodplants 
(Ehrlich & Raven 1964; Fraenkel 1969; Swain 1977; Feeny 1975; Rhoades 
and Cates 1976; Cates & Orians 1975; Rhodes 1979; Brattsen 1979). 
However, recent contributions have emphasised that host recognition 
and acceptance is based on a combination of olfactory, gustatory, 
visual and mechanical stimuli (Dethier 1976, 1982), even though a 
dominant "sign stimulus" may appear to be most effective in eliciting 
oviposition or feeding. Many ecological factors, besides chemical 
compounds in the plant, which influence the survival of adults and/or 
larvae and the abundance and predicatability of the host plants may 
also influence the evolution of host selection behaviour (Feeny 1975; 
Gilbert 1979; Smiley 1978; Rausher 1981; Holdren & Ehrlich 1981). 
These factors include different levels of predation or parasitism of 
larvae growing on alternative hosts, which alters the relative fitness 
of ovipositing females; restricted habitat preferences of the adult? 
which may limit the array of potential host plants available to 
searching females (Smiley 1978), and differences in the relative 
abundance and phenology of potential host plants. Moreover, the 
structural and taxonomic diversity of the vegetation associated with 
particular plants can influence the ability of insects to locate 
their hosts (Root 1973, Atsatt & O'Dowd 1976; Rausher 1981b). 
Associative learning or conditioning during the larval stage (Thorpe 
1939, Dethier 1954, Manning 1967) has also been suggested as a 
mechanism controlling the host preferences of adult insects. There is
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however, little evidence in support of this hypothesis despite 
numerous attempts to demonstrate it (Fox & Morrow 1980).
Stimuli used by insects during host selection have been 
classified as attractants, stimulants, repellents and deterrents 
according to their effects on insect behaviour (Dethier et al 1960; 
Barton Browne 1977). Insects whose larvae feed on a restricted range 
of host plants, often select plants for oviposition on the basis of 
specific chemical cues associated with that species or family of 
plants (eg. Schoonhoven 1968, Hsiao 1969). However, orientation to, 
and acceptance of, suitable plants within the potential host range of 
larvae will depend on the ratio of positive and negative stimuli 
(Barton Browne 1977; Jermy & Szentezi 1978). The elaboration of 
preference may also be modified by internal physiological drives 
(Dethier 1976) which alter the perception of external cues and reduce 
the thresholds for particular responses. When oviposition drive is 
high?the distribution of eggs by specialised insects among available 
plants may be less specific. In insects which have a hierarchy of 
preferences, the pattern of host utilisation in a locality may depend 
on the relative abundance or apparency of suitable hosts (Fox &
Morrow 1980; Wiklund 1981).
In this chapter, I address the question of whether female Dacus 
discriminate between different species of fruit and oviposit 
preferentially in certain hosts in a manner consistent with the 
pattern of fruit infestation observed in the field. If oviposition 
preferences are so strict that females will not accept novel hosts 
under any circumstances, then changes in host range would be 
impossible without an accompanying genetic change. Behavioural 
preferences would then be the main proximate factor limiting the 
present host range of different species. The ability of each species 
of fly to expand its host range in the face of changing ecological 
conditions, such as the introduction of cultivated species of fruit 
or the removal of another species of fly, would therefore depend on 
the specificity of these preferences and on the genetic variability 
underlying them on which divergent selection may act to produce new 
behavioural responses.
Table 8.1. Species of Dacus used in Laboratory Assays 
Host Preference.
of
Species of 
Dacus
Collection
Site
Fruit from which 
flies were reared
No.of recorded 
in the field 
Cultivated
hosts
*
Native
D.tryoni Sydney
Cairns
Peach (Prunus persica) 
Tomato (Lycopersicon 
esculentum) 
Pear (Pyrus communis ) 
Guava (Psidium guajava)
52 (21)** 65(24)
D.jarvisi Cairns Guava
Planchonia careya
7 (3) 5 (3)
D.cacuminatus Sydney Solanum mauritianum 3 (1) 3 (1)
Cairns it if
D.cucumis Rockhampton Zucchini (Cucumis sp.) 10 (3) 3 (1)
D.musae Cairns Banana ( Musa nana) 3 (3) 2 (1)
* from May 1953,1957,1960. * * no. of plant families.
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I have asked in particular whether D.jarvisi will normally 
accept cultivated species of fruit for oviposition, and whether it 
has a specific preference for its major native host, Planchonia 
careya. The oviposition preferences of three other species, which 
appear to be strict host specialists in the field, were also tested. 
Thus the oviposition preferences of five species of Dacus are 
examined; D.tryoni, D.jarvi3i, D,cucumis, D.musae and D .cacuminatu3. 
These species cover a wide range of specialisation within the 
Dacinae. Table 8.1 indicates the host relationships of each species 
based on collections of native and cultivated species of fruit. Two 
species are highly specialised, two less so and one highly 
polyphagous. Section 1 deals with experiments on the oviposition 
preferences of females of each species of Dacus in the laboratory.
The assays tested the ability of females to discriminate between 
various species of cultivated fruit when their usual host fruit 
(cultivated or native) was a) present as one of the alternatives and 
b) when it was absent. Section 2 presents experiments designed to 
test whether the preferences of females^ of both generalist and 
specialist species^ may be influenced by host conditioning during the 
larval stage. If adult preferences can be altered by the type of 
medium in which larvae develop, then accidental ovipositions in novel 
fruits which prove suitable for larval development, may lead to 
expansion of the host range (Bush 1974). Section 3 examines whether 
the preferences indicated in Section 1 are influenced by the 
oviposition drive of females. In particular I asked whether the 
threshold for oviposition of host specific species may be lowered, 
and oviposition "mistakes" (acceptance of non-hosts) occur more 
often, when the flies have been unable to oviposit for some time.
This may arise when the usual host plant is not fruiting or when 
dispersing flies arrive in local areas where there are none of their 
usual hosts.
Limitations to the interpretation of Laboratory Bioassay3 of 
Oviposition Preferences.
In the field, female Dacus can only infest those species of 
fruit which are encountered in their preferred habitat and which they
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recognise as oviposition substrates. Thus some species of fruit may 
not be utilised by particular species of Dacus; even if they do 
stimulate oviposition in the laboratory and are suitable for 
development of larvae. Consequently oviposition preferences observed 
in laboratory bioassays must be interpreted in the light of the 
following limitations;
a) They indicate only the range of fruits which will stimulate 
oviposition. This is the final stage of the host selection process 
and host specificity may result from responses at any of the 
preceding stages. Preferences at earlier stages may affect the rate 
of encounter with patches of particular hosts (Stanton 1982).
b ) Laboratory assays, involving a choice between an array of 
alternative hosts; may indicate the ability of females to discriminate 
but may be misleading in terms of responses in the field (Singer 
1982). Flies seeking hosts in the field will rarely experience a 
choice between closely spaced alternatives. Potential host fruits may 
be separated both spatially or temporally and a choice as such, would 
not be involved in the patterns of infestation. After landing in a 
tree a fly must decide whether to lay eggs or not; using only the cues 
from fruits on that tree, though previous experience and learning may 
be involved in the decision making process (Prokopy et al 1982b).
Section 1: OVIPOSITION PREFERENCES OF FIVE SPECIES OF DACU5 
8.21 Materials & Methods; Source of Flies
Flies bred from host fruits collected in the field were used in 
all experiments on the host preferences of adult female Dacus (Table 
8.1). Adults were maintained as described in Chapter 2. Adults of all 
species readily accepted a solid mixture of yeast hydrolysate and 
sugar(l:4) and ovarian maturation proceeded normally on this diet.
The oviposition preferences of flies of each species were tested 
soon after the females had matured eggs but before they had access to
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any hosts. Thus there was no possibility of learned preferences, as 
described in R.pomomella (Prokopy et al 1982b). I assessed ovarian 
maturation of each batch of adults by regular dissections of small 
groups. In most cases; mature oocytes were present in a majority of 
flies by 14 days of age. By conducting the preference tests at this 
time,I avoided the possibility that oviposition may be abnormal when 
oviposition drive was high (see later).
Assay Methods
Oviposition preferences of each species of Dacus were determined 
by offering groups of mature females a choice between several species 
of fruit. In most cases these were cultivated fruits. It was not 
possible to regularly incorporate native host fruits, except for 
Solanum mauritianum, which was commonly available around Sydney.
Since the preferences of different species of Dacus were tested at 
different times of year the range of fruits used in the choice 
experiments was not always the same.
Usually each assay involved a choice of between 4 and 5 species 
of fruit, with three replicates of each species. Fruits were arranged 
in a latin square design on the floor of a large laboratory cage. 
Individual fruits or baits were separated from adjacent ones by about 
5 cms. The number of eggs laid into each species of fruit was 
analysed by two and three factor ANOVAS and SNK multiple comparisons 
of means. Each assay cage contained 10-30 gravid female Dacus of a 
single species. This number was sufficiently small that interactions 
between females, which may have altered their apparent preferences, 
were not common. Oviposition was allowed in each assay for 6 hours 
after which the number of eggs laid into each fruit was counted.
Two procedures were used to assess oviposition preferences.
These differed in the way fruits were presented to the flies.
Bioassay 1: Fruits were offered as domes, 4-6 cms. in diameter,
cut from a whole fruit. The fruit pulp was left intact within the 
dome of skin to allow stimulation of receptors on the ovipositor by
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the chemical constituents of the tissue. Each dome was perforated 
with thirty pinholes and placed in a glass petri dish. When bananas 
were included in the assay, a section of fruit, 4 cm long, was used 
in place of a dome. When Solanum fruits (average diameter 1.5 cm.) 
were offered, I used three intact fruits in place of a dome. These 
had a surface area similar to that of a 4 cm. dome cut from an apple. 
Fruit domes retained their shape and moisture content during the 
assay period.
Bioassay 2: Fruits were offered as slices in covered glass
petri dishes. Each dish was baited with a slice or block of tissue 
from a freshly sectioned fruit. The tissue was then covered with a 
sheet of Parafilm, which was perforated with thirty pinholes. Each 
bait contained sufficient fruit tissue that the ovipositor of females 
could contact the fruit after insertion through one of the holes.
As far as possible the fruits used in the assays were in a 
suitable stage for oviposition. For example, tomatoes and Solanum 
were used when mature green or beginning to colour. In most cases the 
judgement of a suitable stage was made subjectively, but was based on 
observations of the stage of ripeness chosen for oviposition by 
females in the field.
Preferences indicated by the distribution of eggs in the two 
assays gives some indication of the relative importance of physical 
and chemical cues in the stimulation of oviposition. In Assay 1, 
insertion of the ovipositor and egg laying may be stimulated by: a) 
chemical cues perceived by contact chemoreceptors on tarsi, 
mouthparts or ovipositor and/or olfactory receptors on the antennae, 
or b) physical cues such as skin texture, colour or curvature. In 
Assay 2 insertion of the ovipositor can be stimulated only by 
olfactory cues, while both olfaction and contact chemoreceptors on 
the ovipositor may determine whether or not eggs are laid.
For each species of Dacus I conducted both bioassays 
simultaneously whenever possible. If sufficient flies were available, 
2-3 replicate cages were used for each assay.
1 6 6
Experiments where female insects are given a choice between 
alternative foodplants or fruits can indicate their discriminatory 
ability and preferences. However, in most cases the close proximity 
of alternatives creates an unnatural situation because normally they 
may not simultaneously perceive two or more potential hosts. Some 
species may be host specific in the field because they only respond 
to specific cues from a particular species of fruit. Others may be 
more generalised in their oviposition behaviour but may appear to be 
specific in the field because they are restricted to a particular 
habitat type (Smiley 1978). Therefore, to distinguish whether a 
species of Dacus was strictly host specific or simply had strong 
preferences for a particular fruit, I also tested the oviposition 
preferences of females when they were offered a range of fruits in 
the absence of their usual host. Thus I tested the oviposition 
preferences of each species, except D.tryoni, using both types of 
assay in the presence and absence of the usual host fruit of each 
fly. This approach was slightly modified for D.tryoni which is not 
associated with any particular species of fruit.
8.22 Results.
8.221 D.tryoni
Figures 8.1 and 8.2 show the oviposition preferences of female 
D.tryoni bred from two species of fruit. Data was analysed by three 
factor ANOVAS with the factors being the two "methods of assay"
(Fixed Factor), the "species of fruit" (Fixed) and the "replicate 
cages of flies" (Random) (App. Tables 8.1, 8.2). The factor 
"replicate cages" was nested in "assay methods". Appropriate mean 
squares and F ratios were calculated according to the methods of 
Scheffe (A.J.Underwood pers. comm.). Flies bred from tomato and peach 
did not distribute their eggs at random but discriminated between the 
species of fruit offered in the assays. Even so a considerable number 
of eggs were laid in all species of fruit, apart from Solanum. In 
neither case was there a significant influence of the assay method on 
the distribution of eggs or on the total number of eggs laid.
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Por flies reared from peach, there was a significant interaction 
between "replicate cages" (nested in assay methods) and "species of 
fruit" (p<0.01 App.Table 8.1). Using Assay 1, flies in cage 2 
preferred tomato over the other four fruits which were not 
significantly different, while flies in cage 1 laid significantly 
more eggs in tomato and peach than in pear and Solanum (Fig.8.1). 
Using Assay 2, tomato was significantly preferred in cage 1 but 
apple, peach and tomato received a similar number of eggs in cage 2.
Flies reared from tomato also laid significantly different 
numbers of eggs into each species of fruit (p<0.05). There was a 
significant difference between replicate cages in the numbers of eggs 
laid (p<0.01) but in both assays, tomato and peach were preferred 
over pear and Solanum with the number of eggs laid into apple being 
intermediate between these groups (App. Table 8.2).
Females of neither strain laid eggs into Solanum fruit (Fig. 8.1 
& 8.2). Their acceptance of most other fruits suggested that Solanum 
was repellent or at least inhibited oviposition. These possibilities 
were examined further in later experiments (see Section 8.30).
Oviposition preferences of D.tryoni reared from guavas, 
collected near Cairns (Nth.Qld), were also tested using Assay 2. They 
were offered a choice of pear, apple, banana, tomato and cucumber. 
Guava was not available. Females readily accepted all these fruits 
for oviposition. Significantly more eggs were laid in apple and pear 
than cucumber but there was no difference between the number laid 
into pear, apple, banana and tomato.
There was no evidence that females preferred the fruit in which 
they had developed as larvae and although there were significant 
differences in the acceptability of the species of fruit it is 
probably not meaningful to interpret these as real preferences for 
one or two species of fruit. This is particularly so in light of the 
variability between cages within strains. The most consistent pattern 
was that female D .tryoni discriminated against Solanum fruit.
D.tryoni is clearly a polyphagous species in which oviposition
Figure 8.1. The distribution of eggs among five species of 
fruit by female D.tryoni reaered from peach. n= total 
number of eggs laid (20 females/ cage). Bioassay 1- whole 
domes of fruit. Bioassay 2- slices of fruit presented in 
glass petri dishes under parafilm. A- apple, Pe- pear,
P- peach, T- tomato, S- Solanurn. Numbers in parentheses are 
total number of eggs laid.
Figure 8.2. The distribution of eggs among five species of 
fruit by female D.tryoni reared from tomato (20 females/ 
cage). Fruits as in Figure 8.1.
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behaviour was elicited by stimuli common to many species of fruit. 
8.222 D.jarvisi
Oviposition preferences of several groups of D.jarvisi were 
examined at different times. The range of fruits offered was not 
always the same. In particular, Planchonia fruits were available on 
only one occasion. Results for all the assays are shown in Figures 
8.3-8.6. and analyses in Appendix Tables 8.3-8.6.
D.jarvisi was bred from guavas collected near Cairns in March 
1981. When mature, 20 female flies were offered a choice (using Assay 
1) of apple, pear, tomato, banana and cucumber. A total of 345 eggs 
were laid but there was no significant preference for any one species 
(One factor ANOVA, F4 1Q=0.95, NS).
D.jarvisi was bred from P .careya collected near Cairns in 
January 1982. A quantity of ripe fruit (uninfested or containing only 
unhatched eggs) was collected at the same time. This was deep frozen 
for later use in assays. Freezing of the fruit was necessary because 
the flies which developed from infested Planchonia could not be 
assayed for at least five to six weeks after collection of the fruit. 
Therefore, in the assays in which Planchonia was included, I also 
froze and thawed fruits of the other species in an attempt to 
compensate for changes in the acceptability of fruit caused by 
freezing.
When Planchonia was available, female D.jarvisi laid 
significantly more eggs in this fruit than in any other, in both 
types of assay (p<0.005, Fig.8.3, App. Table 8.3). Overall 
Planchonia received 60-70% of the total number of eggs. There was 
also a significant influence of the assay technique on the total 
number of eggs laid. More eggs were laid in Assay 1, where physical 
contact with the fruit was possible, than in Assay 2 (p<0.005, 
Fig.8.3a,b). This trend of a greater acceptance of whole fruit domes 
over artificial oviposition baits was also seen in the three 
specialised species, two of which (D.musae and D .cucumis) would not
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readily lay eggs through the parafilm. D.tryoni did not behave in 
this way. Using assay 1, some eggs were laid in all the species of 
fruit but 64.7% of the total were laid in Planchonia. Using assay 2, 
eggs were laid only in Planchonia and nectarine, with 71.4% of these 
being in Planchonia.
In assays without Planchonia fruit, female D.jarvisi laid fewer 
eggs than when fruits of Planchonia were present (Fig.8.3b). More 
eggs were laid in nectarine than in apple or pear (p<0.005), which 
did not differ. In this case the total number of eggs laid was not 
different between the 2 assays.
Oviposition preferences of D.jarvi3i bred from Planchonia were 
also assayed in large field cages where females were required to 
locate fruit within a tree (Fig.8.4). Four cages were stocked with 
100 mature female D.jarvisi. In two of these the flies were offered 
whole fruits of Planchonia, apple, pear, and nectarine while the 
other two cages were offered apple, pear and nectarine. Five 
replicates of each species of fruit were randomly arranged in each 
cage. Where Planchonia was present, 97.7% and 90.0% of the total eggs 
were laid in this fruit (Fig.8.4, App.Table 8.4). The remaining eggs 
were laid in nectarine. When Planchonia was absent, most eggs were 
laid in nectarine (80% of the total) but the total number of eggs 
laid was only about a third of the number laid when the preferred 
host was available (Fig.8.4, App.Table 8.4). Thus when females were 
required to locate hosts over a short distance, the preference of 
D.jarvisi for Planchonia was even more pronounced than in the 
laboratory bioassay (cf. Fig.8.3 and Fig. 8.4).
Oviposition preferences of a laboratory population of D.jarvisi 
were tested at the same time as the field strain bred from 
Planchonia. These flies came from an original stock bred from 
Planchonia which had been cultured on an artificial medium for at 
least three years. During this time there had been no contact with 
Planchonia by either larvae or adults. Figure 8.5 shows that females 
of this strain also preferred Planchonia over other fruits (p<0.005,
App.Table 8.5). This host received between 50-60% of the total number
Figure 8.3. The distribution of eggs by female D.jarvisi 
reared from Planchonia careya in two bioassays when 
Planehonia was present and absent (30 females/ cage).
PI- Planchonia,, A- apple, P- pear, N— nectarine.
Figure 8.4. The oviposition preferences of D.jarvisi reared 
Planchonia in large cages in the field in the presence and 
absence of Planchonia fruit (100 females/ cage). Fruits as 
in figure 8.3. Number in parenthesis is the total number of 
egs laid.
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of eggs, while the remainder were equally divided between apple, pear 
and nectarine. When Planchonia was absent, the laboratory strain 
significantly preferred nectarine over apple and pear (p<0.01,
App.Table 8.5). However, unlike the wild flies reared from 
Planchonia, the laboratory strain oviposited more readily into 
cultivated fruits and laid about as many eggs in the absence of 
Planchonia as when it was present.
In March 1982, adult D.jarvisi were again reared from infested 
guavas collected near Cairns. At this time of the year all 
Planchonia trees had ceased fruiting (Chapter 10). Uninfested guavas 
which were in a suitable stage for oviposition were collected at the 
same time. These were frozen for use in assays. Oviposition 
preferences of these flies were tested using the frozen guavas and 
Planchonia fruit collected in January, together with other cultivated 
species. As Figure 8.6 shows, these flies also preferred Planchonia 
(p<0.005) for oviposition (App. Table 8.6). Over 80% of the total 
eggs (n=738) were laid into Planchonia. Of the other fruits, guava 
was preferred over apple and pear. The latter fruits received only 8 
eggs out of the total of 738. In the absence of Planchonia, guava was 
significantly preferred (p<0.05) over apple and pear (Fig.8.6) and 
received about 90% of the eggs (n=444). Thus these D.jarvisi, 
although bred from guava, had retained an innate preference for 
Planchonia when it was available (cf. Fig. 8.6 and Fig.8.3).
These assays of the oviposition behaviour of female D.jarvisi 
reared from Planchonia and guava, together with the behaviour of the 
laboratory strain, indicate a strong genetically based preference for 
oviposition in Planchonia fruits. Nevertheless, the behaviour of this 
fly is sufficiently plastic that in the absence of the preferred 
host, other species of fruit are accepted. Thus D.jarvisi can be 
considered polyphagous, in that several unrelated fruits can 
stimulate oviposition (and support growth of larvae), but it displays 
a strict hierarchy of preferences in which Planchonia fruit is always 
most preferred. This pattern of host utilisation was substantiated by 
field collections of potential host fruits throughout the year 
(Chapter 10). These showed that D.jarvisi infested Planchonia fruit
Figure 8.5. Oviposition preferences of a laboratory strain 
of D.jarvisi when Planchonia was present and absent (30 
females/ cage). Total number of eggs shown in parentheses. 
PI- Planchonia, A- apple, P- pear, N- nectarine.
Figure 8.6. Oviposition preferences of female D.jarvisi 
reared from guava (April 1982)(30 females/ cage). 
Preferences measured using bioassay 2 only. PI- Planchonia, 
A- apple, P- pear, G-guava.
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whenever it was available and infested other fruits (eg. guava) only 
when Planchonia had ceased fruiting.
8.223 D.musae
In the field D.musae is relatively specific to bananas (Table
8.1) . Female D.musae would not lay eggs, and showed little interest 
in any fruit, when it was presented as slices under parafilm (Assay
2). Thus Figure 8.7 shows only the results of Assay 1. Only 43 female 
D.musae were available for this experiment. These were divided into 
two cages of 22 and 21 females respectively. On four successive days 
one cage was offered a choice of five species of fruit (3 replicates 
of each) with banana present, while the other cage was offered four 
species of fruit without banana. Each day the range of fruits offered 
to the two cages was alternated so that both cages were offered 
banana on two of the four days. Figure 8.7 shows the distribution of 
eggs pooled over the four days. No analysis of the data seemed 
necessary.
When banana was included among the alternatives, 97.4% of the 
total eggs (n=804) were laid into this fruit. This pattern was seen 
on all four days. Thirteen eggs were laid in tomato and 8 in 
cucumber. In the absence of banana a total of only 13 eggs were laid, 
9 in apple and 4 in pear. Thus D.musae differed from both D.tryoni 
and D.jarvisi. Not only did females show a strong oviposition 
preference for banana, they also refused to accept other fruits in 
the absence of banana (but see Chapter 10).
8.224 D .cucumis
D .cucumis is an oligophagous species which has specialised on 
native and cultivated fruits in the plant family Cucurbitaceae (Table
8.1) . As with D .musae, female D.cucumis were reluctant to lay eggs 
through parafilm, though a few eggs were laid into baits containing 
cucumber. Figure 8.8 shows only the results using Assay 1. No 
analysis was done. D .cucumis strongly preferred cucumber over all
other fruits. All of the 459 eggs were laid in this host. In the
Pigure 8.7. Oviposition preferences of female D.musae which 
had been reared from bananas when offered a choice of 
fruits in the presence and absence of banana (20 females/ 
cage). Tested using bioassay 1 only.
B- banana, A— apple, P- pear, Z- zucchini, T- tomato.
Figure 8.8. Oviposition preferences of female D.cucumis 
which had reared from zucchini when offered a choice of 
fruits inthe presence and absence of cucumber (30 females/ 
cage). Bioassay 1 only.
C- cucumber. A- apple, P- pear, T- tomato.
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absence of cucumber, only 10 eggs were laid by 30 females during the 
assay period, all of them in tomato.
8.225 D.cacuminatus
D .cacuminatus is highly specialised and infests fruit of the 
introduced plant, Solanum mauritianum. Wild specimens of this fly 
were more readily available than the other two specialised species of 
Dacus and more comprehensive assays were possible. I tested two cages 
of females in the presence and absence of Solanum. The fruit was 
collected freshly from trees in Sydney for each assay.
When Solanum was offered, together with pear, apple and tomato, 
there was a significant difference in the number of eggs laid into 
species of fruit (p<0.005, Fig.8.9, App.Table 8.7). Between 70% and 
80% of the total eggs were consistently laid into Solanum. Tomato 
received between 0 and 30%, while no eggs were laid into apple or 
pear in any cage. There was some indication that tomato was more 
acceptable for oviposition when offered in Assay 2 than in Assay 1 
(Fig.8.9 a,b) but this effect was not significant. That tomato was 
the second preference of D.cacuminatus is not surprising since both 
are members of the Solanaceae.
In assays where Solanum was not available, D .cacuminatus laid 
virtually no eggs into any fruit. Even tomato was ignored. Thus 
D.cacuminatus was also highly host specific during oviposition.
8.226 Conclusions.
These assays revealed a diversity of specialisation in the 
choice of fruits for oviposition among the five species of Dacus.
D.tryoni oviposited into most species of fruit, except for Solanum 
mauritianum, which appeared to be repellent to it. Despite the fact 
that some fruits received a greater proportion of the total eggs than 
others, D .tryoni did not have consistent preferences for particular 
host fruits. The three species which infest a limited range of fruits 
in the field; D.cacuminatus, D.cucumis and D.musae, proved to be
Figure 8.9. Oviposition preferences of female 
D. cacuminatus which had been reared from Solanuni when 
offered a choice of fruits inthe presence and absence of 
Solan tun ( 20 females/ cage ).
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quite host specific during oviposition and showed preferences which 
were consistent with their natural host range. D.jarvisi displayed 
behaviour intermediate between these extremes. Females had a 
hierarchy of preferences in which Planchonia careya/ the main host in 
the field, was most preferred but other fruits were also acceptable 
for oviposition when Planchonia was not available.
8.30 Deterrence of Oviposition in D.tryoni by Juice from fruits of
Solanum mauritianum.
When given a choice, female D .tryoni consistently laid no eggs 
into fruits of Solanum mauritianum. Their rejection of this fruit was 
surprising in view of their acceptance of most other fruits, and 
suggested that Solanum was either repellent to females or else 
deterred oviposition. Preliminary experiments with laboratory and 
field strains of D.tryoni showed that, when given a choice between 
apple or pear domes coated with juice from Solanum fruits and similar 
untreated domes, females laid 98-100% of their eggs in the untreated 
fruits. Two experiments were conducted to examine this effect 
further.
8.31 Experiment 1. Influence of Solanum juice on the acceptability
for oviposition of otherwise suitable fruits.
Methods & Results.
Six mature gravid females from a laboratory culture were each 
offered two sections of banana. One was coated with juice from a 
freshly sectioned Solanum fruit. The other with juice from a 
sectioned banana. This was necessary to compensate for the initially 
sticky nature of the Solanum coated fruit. Each female was allowed to 
oviposit for 2 hours.
Observations at five minute intervals showed that all but one 
female (No. 6) were observed more often on the control fruit than on 
the treated fruit. Overall 70.5% of observations were of flies on
Table 8.2. Behaviour of female D.tryoni offered control fruit 
and fruit coated with Solanum juice.
Replicate 1 Replicate 2
Control * Treated Control Treated
No. landings 23 24 11 12
Total no. departures 
without probing 9 22 3 7
As a % of total 
landings
39.1 91.7 27.3 58.3
Mo. ov ipos it ions 12 1 9 4
Total no. eggs 105 10 91 20
% of total eggs 91.3 8.7 82.0 18.0
* Combined results from two fruits of each type in each replicate.
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control fruits. Female 6 was observed on the treated fruit 60.9% of 
the time. Even so she deposited only 11 out of 39 eggs (33.3%) in 
that fruit. Overall 95.3% of the eggs laid were in the control 
fruits. Females 1-5 laid 21; 23, 22, 46 and 9 eggs respectively, all 
of them into the control fruit.
8.32 Experiment 2: Observations of the behaviour of females when 
offered fruits treated with Solanum juice and untreated fruits.
Methods & Results
A group of 12 females from a laboratory culture were offered a 
choice of 4 sections of banana. Two were controls, smeared with 
banana juice, the other two were coated with Solanum juice. Fruits 
were equally spaced about 10 cm apart on the floor of a large 
laboratory cage. The behaviour of the flies was observed continuously 
for 1 hour. I recorded the number of landings on or approaches to 
each fruit, the number of landings which were followed by probing 
with the ovipositor, the number of apparent ovipositions and the 
number of times a fly left a fruit without first probing it. The 
entire experiment was repeated twice,
There was little difference in the number of landings on 
treated and control fruits (Table 8.2). However many of the flies 
which landed on treated fruits left soon after. Most of these left 
without probing. This was in contrast to the control fruits where 
most females probed after landing (Table 8.2), and most appeared to 
deposit eggs. Consequently few females were observed to oviposit into 
treated fruits and very few eggs were found in them when dissected 
(Table 8.2). These results indicate that Solanum juice may contain a 
substance which is repellent to female D.tryoni but which is
perceived only upon contact or at a short distance.
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Section 2: EXAMINATION OF THE POSSIBLE INFLUENCE OF HOST­
CONDITIONING ON THE OVIPOS1TION PREFERENCES OF ADULT FEMALE DACUS.
In Section 1, I examined the oviposition preferences of female 
D.tryoni which had developed in peaches or tomatoes collected in the 
field. These flies showed no preference for the fruit in which they 
had developed. In this section I describe a number of experiments, 
conducted to determine whether the oviposition preferences of more 
specialised adult Dacus could be explained on the basis of a learned 
response, influenced by the fruit in which they had developed as 
larvae. This process is known as "Hopkin's Host Selection Principle” 
(Craighead 1921) or host conditioning (Manning 1967). Fowler (1977) 
examined whether the preferences of D.tryoni were influenced by host 
conditioning, with negative results. He found no evidence that 
females preferred the species of fruit in which they had developed. 
However, in that work, host preferences were not tested until the 
flies were forty days old, by which time their oviposition drive 
would have been high. Moreover, the effects of host conditioning have 
been interpreted as examples of associative learning ( Herschberger & 
Smith 1967) or habituation (Manning 1967). In both cases the effects 
are expected to decline as the insect ages. Therefore I conducted a 
series of experiments in which the oviposition preferences of flies 
which had developed in various larval media were determined soon 
after the flies had matured eggs.
8.41 Methods.
8.411 Experiment 1: Oviposition Preferences of Specialised species 
of Dacus reared as larvae in novel host fruits for one generation.
Larvae of the specialised species; D.cucumis, D .cacuminatus & 
D.musae were reared in novel hosts. The preferences of the adults 
that came from these larvae were than determined, using Assay 1 as 
described earlier. Flies reared from host fruits collected in the 
field were used to initiate the experiment. Eggs of D.cacuminatus 
were inoculated into banana, and eggs of D.cucumis and D.musae into
tomato. In these fruits, larvae developed normally (Chapter 2) and
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adult flies were of normal size. The oviposition preferences of each 
species were tested using a range of fruits (apple, banana, tomato, 
cucumber and Solanum) which included both their normal host fruit and 
the novel fruit in which they had developed.
8.412 Experiment 2: Oviposition preferences of female Dacus reared 
in a particular larval medium for several generations.
In Experiment 1, flies were reared in a novel host for only one 
generation. In this experiment I asked whether flies may develop a 
preference for a particular fruit, when larvae were reared for 
several generations in the that fruit. Two cases were examined;
Firstly, I reared D .tryoni for three consecutive generations in 
tomato. The parental generation were reared from field collected 
tomatoes. These flies were allowed to infest tomatoes in the 
laboratory to produce a new generation. Once mature this generation 
was also allowed to infest tomatoes and produce a third generation in 
the same fruit. The oviposition preferences of each generation was 
tested. Simultaneously with each of the laboratory generations bred 
in tomato I reared two generations of flies, derived from the same 
wild stock, in an artificial medium. The preferences of these flies 
were tested at the same time as those reared in tomato.
Secondly, I established a laboratory culture of D.cacuminatus 
using wild flies reared from Solanum. Eggs were collected by allowing 
females to oviposit into freshly collected Solanum fruits, but larvae 
were transferred to an artificial medium for development. A total of 
10 generations were produced in this way. During this time there was 
no contact with Solanum fruit during the larval stage. Oviposition 
preferences of flies from this strain were tested in generations 
1,2,3 and 10, together with a group of flies reared from Solanum. 
These were reared from fruits collected in the field to coincide with 
each of the laboratory generations. It was not possible to produce 
laboratory generations using Solanum as the larval medium.
The predictions from these two experiments, if oviposition
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preferences are influenced by the type of larval medium, were that:
i) in the case of D.tryoni, the proportion of eggs laid in tomato 
would increase with each generation of development in that fruit and
ii) in the case of D .cacuminatus, the initially strong preference for 
Solanum should decline or disappear with each generation of 
development in the artificial medium. Schoonhoven (1968) described 
such a loss of hostplant specificity in the feeding behaviour of 
Manduca sexta larvae after rearing on an artificial diet.
8.42 Results.
In experiment 1, adult female D.musae, D.cacuminatus and 
D.cucumis retained their strong preferences for banana, Solanum, and 
cucumber respectively despite having developed as larvae in novel 
fruits. D .musae females reared in tomato, laid 100.0% of their eggs 
( n=223) in banana, D.cucumis reared in tomato, laid 98.0% of their 
eggs (n=314) in cucumber, and D.cacuminatus reared in banana, laid 
92.5% of their eggs (n=280) in Solanum.
In Experiment 2, there was no increase in the proportion of eggs 
laid into tomato by the strain reared from this fruit (Fig. 8.10), 
nor did these flies prefer tomato over other species of fruit. There 
was also no significant difference between the preferences of flies 
reared on tomato and those reared on artificial medium (App. Table 
8.8). From Figure 8.10 it is apparent, however, that flies reared on 
the artificial medium laid more eggs overall than those reared in 
tomato.
In D .cacuminatus there was no decline in the specificity for 
Solanum, even after 10 generations of artificial rearing (Fig. 8.11). 
In each assay almost all the eggs were laid in Solanum in preference 
to apple, pear, and banana. The flies reared from Solanum fruits 
collected in the field showed a strong preference for Solanum as 
before. They are, therefore, not shown in Figure 8.11.
On the basis of these experiments and the behaviour of D.jarvisi 
and D.tryoni reared from various fruits (Section 1) it seems that the
oviposition preferences of adult Dacus are not influenced by the type
Figure 8.10. The distribution of eggs by female D.tryoni 
when reared for successive generations on tomatoes (ex 
Tomato) or artificial medium (ex Medium) in the laboratory. 
Both groups of flies originated from wild flies reared from 
infested tomato collected in the field (Fig. 8.2).
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of medium in which they developed as larvae. The assays indicate that
preferences of the host specific species are genetically based and
reflect specific sensory responses to particular chemical attribrutes
€of the host fruit. The observation that host preferences are not 
altered by larval associations has important consequences for the 
evolution of new host relationships which are discussed later.
Section 3: AN EXPERIMENTAL ANALYSIS OF CHANGES IN HOST SPECIFICITY 
WHEN THE OVIPOSITION DRIVE OF FEMALE FLIES IS INCREASED.
Females of some species of Dacus, and other Tephritidae, will 
deposit eggs in the absence of suitable stimuli when deprived of the 
opportunity to oviposit for some time. In this section^I describe 
experiments designed to test whether the host specific responses of 
specialised species become less host specific when deprived of their 
normal host and the drive to oviposit is increased. Under such 
circumstances, they may occasionally infest cultivated species of 
fruit which are normally unattractive to them. One factor which may 
directly influence oviposition drive is the number of eggs carried in 
the ovaries. In many Diptera, ovarian maturation is controlled by the 
development of the primary follicle in each ovariole (Highman & Hill 
1969; Engelman 1970; Bennettova & Fraenkel 1981). Once mature this 
follicle inhibits development of oocytes in earlier developmental 
stages. In this case a cessation of oviposition would lead to a 
cessation of follicular development. However, if this feedback 
mechanism does not operate, and eggs continue to mature after 
oviposition has ceased, the abdomen may become filled with eggs and 
oviposition drive may consequently be increased. Therefore, I 
examined the oviposition preferences of four species of Dacus, when 
they had been deprived of the opportunity to oviposit for varying 
periods and simultaneously monitored changes in the load of mature 
eggs carried by individual females as the period without oviposition 
increased.
Table 8.3 Experimental procedure for tests of the influence of 
oviposition drive on host specificity of female Dacus.
Original Stock of Wild Flies Allowed Continuous 
Access to Fruit for 1 Week after Ovarian Maturation. 
Then Divided into Two Groups of Several Hundred Females
Group 1 Group 2
Maintained with 
continuous access 
to fruit
Deprived of 
access to hosts
On days 1,4,7 and 16 two cages of 10-20 females taken 
from each group for tests of oviposition preference.
A further ten females were dissected./ \ /
Species of 
fruit used 
in bioassay
Cage 1 
Usual host 
present
Cage 2 
Usual host 
absent
Cage 1 
Usual host 
present
Cage 2 
Usual host 
absent
All flies discarded after each bioassay.
Table 9.4 Species of Dacus Used in Bioassays and the range of fruit 
offered to each cage of flies from each experimental group.
Species of 
Dacus
Host
Fruit
Type of 
Bioassay
Species of fruit offered 
in bioassay
D.tryoni Guava Choice 
No choice
Apple, Solanum 
Solanum only
D.jarvisi P.careya Host present 
Host absent
Planchonia, Apple, Pear, Tomato 
Apple, Pear, Tomato
D.cucumis Zucchini Host present 
Host absent
Cucumber, Apple, Pear, Tomato 
Apple, Pear, Tomato
D.cacuminatus
Solanum
Host present 
Host absent
Solanum, Apple, Pear, Tomato 
Apple, Pear, tomato.
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8.51 Methods.
8.511 Source of Flies.
All flies came from host fruits collected in the field. The four 
species of Dacus were; D.tryoni (ex guava, Cairns), D.jarvisi (ex 
Planchonia careya, Cairns), D.cucumis (ex Zucchini, Rockhampton) and 
D .cacuminatus (ex Solarium, Sydney). The first three species were 
examined simultaneously^ but D.jarvisi was examined separately when 
wild flies were available.
8.512 Experimental Design.
Table 8.3 outlines the procedure adopted for these experiments. 
Each experiment commenced with a large stock of several hundred flies 
of similar age. Once ovarian maturation was complete the flies were 
allowed to oviposit into appropriate host fruits for one week. During 
this time the fruits were changed daily. In this way their ovaries 
entered a regular schedule of oocyte maturation and oviposition.
After this period the flies were divided into two equal groups. Group 
1 (controls) continued to have unlimited access to host fruit. Flies 
in Group 2 (experimental) were deprived of physical contact with 
fruits. Both groups were held under identical conditions in the 
laboratory. Females in Group 2 could perceive olfactory stimuli from 
the fruits in Group 1, but oviposition into host fruits was not 
possible. At various times after the control and experimental groups 
were established (taken as day 0)1 tested the oviposition 
preferences of females from each group using Assay 1 (as described 
earlier). The assays were done on days 1, 4, 7 and in some cases day 
16. For each assay two cages of 10-20 females were taken from each 
group. The number of flies used in each assay varied between the 
species of fly depending on the number originally available. One cage 
from each group was offered a range of fruits which included the 
normal host for that species. The other cage was offered the same 
range of fruits except that the usual host was absent. Table 8.4 
lists the species of fruit used in the bioassays for each species of 
Dacus. Flies were used only once in any assay. On each day when
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assays were done, I also dissected ten flies from each group and 
counted the number of mature chorionated eggs present in each female.
Tests of the effect of a shortage of oviposition on the 
behaviour of D.tryoni differed from the design outlined above, in 
that only two species of fruit were offered. Since D.tryoni will 
deposit eggs in almost any fruit and is not closely associated with 
any particular species of fruit, I did not offer the range of fruit 
offered to the other species. Instead I used Solanum fruit as a non­
preferred fruit for D .tryoni and assays of D .tryoni females involved 
either a choice of apple and Solanum fruit, or Solanum fruit alone.
Thus the experiment consisted of two groups of each species of 
Dacus, one with continuous access to fruit and one deprived of fruit. 
Oviposition preferences of flies in each group were tested at various 
times in the presence and absence of their preferred hosts. The 
expectation was that flies in the control group would have a low and 
constant oviposition drive and would remain host specific, while 
those in the experimental group may have an increasing drive which 
could influence their oviposition behaviour particularly when their 
usual host was not offered.
8.52 Results.
8.521 Changes in Oviposition Preference as Oviposition
Drive was Increased.
Results of the bioassays for each species of fly are presented 
separately below. For each species, the data from assays with the 
usual host present and those with it absent were analysed separately. 
Analyses are shown in Appendix Tables 8.9-8.12.
Behaviour of D.tryoni
When given a choice between apple and Solanum, female D.tryoni 
strongly preferred apple (p<0.01, App. Table 8.9, Fig.8.12), 
irrespective of whether they had been deprived of oviposition
Pigure 8.12. The distribution of eggs by female D.tryoni 
when deprived of access to fruit for various lengths of 
time and given a choice of apple or Solanurn or Solanurn only 
(no choice). Control flies had continuous access to fruit. 
Deprived flies were deprived of fruit from Day 0.
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previously. On average over 99% of eggs were laid in the apple. 
However, there was a significant interaction (p<0.01) between the 
"groups of flies" and "the number of days deprived of oviposition" 
which arose because flies in the control group laid a similar number 
of eggs on each day, whereas flies from the deprived group laid more 
eggs after 4 and 7 days deprivation than on day 1 (p<0.005, Fig
8.12) . When the flies were offered only Solanum fruit (no choice 
situation), the analysis showed a significant interaction between the 
"groups of flies" and "the number of days deprived of oviposition" 
(p<0.01). Flies from the control group laid very few eggs ( <1 egg/ 
female) into Solanum fruit each day (Fig 8.12). Flies from the 
deprived group behaved similarly on day 1, and laid few egg3 into 
Solanum (0.6 eggs/female), but after only 4 days without oviposition 
they readily laid into Solanum (Fig 8.12). This trend continued on 
day 7. Thus D .tryoni responded to being deprived of oviposition for 
only 4 days by an increase in the number of eggs laid and by 
accepting a previously unacceptable fruit for oviposition.
Behaviour of D.jarvisi.
In earlier assays female D.jarvisi showed a consistent 
preference for fruit of Planchonia careya. This preference was 
confirmed in this experiment (Fig. 8.13). In assays with Planchonia 
available, significantly more eggs were laid into Planchonia than any 
other fruit (about 60% of the total). However, in contrast to 
D.tryoni, there was no significant difference between the number of 
eggs laid by flies from control and experimental groups nor any 
influence due to the length of time experimental flies were deprived 
of oviposition.
In the assays where Planchonia was absent, females from both 
groups readily laid into the three species of fruit offered (Fig.
8.12) but fewer eggs were laid overall than was the case when 
Planchonia was present. Furthermore, both control and deprived flies 
laid similar numbers of eggs on each day and showed no preference for 
any one of the fruits (App.Table 8.10).
Figure 8.13. Oviposition preferences of female Doarvisi, 
from Planchonia careya, when deprived of access to fruit 
for various periods and tested in the presence and absence 
of Planchonia. Control and deprived as for Figure 8.12. (20 
females/ cage). Total eggs shown in parentheses.
PI- Planchonia,. A- apple, Pe- peach, T- tomato.
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Behaviour of D .cacuminatus.
When Solanum fruit was present, female D.cacuminatus from both 
the control and deprived groups, laid all their eggs in Solanum.
There was no significant increase in the number of eggs laid by the 
deprived flies compared to controls, except on day 4 (Pig.8.14, App. 
Table 8.12).
When Solanum was absent, no eggs were laid into the unfamiliar 
fruits by flies from either group. Flies from the deprived group laid 
a few eggs into pear and tomato, but the rate of oviposition was less 
than 0.3 eggs/female, compared with a rate of 9.0 eggs/female when 
Solanum was available. Because there was no change in host 
specificity after 7 days, I continued the experiment up to 16 days, 
but females still refused to lay in the unusual hosts.
Behaviour of D.cucumis.
Earlier assays revealed a consistent preference for cucumber, 
over non-cucurbitaceous fruits, in female D.cucumis. As with 
D .cacuminatus, female D .cucumis in both the control and deprived 
groups retained their preference for cucumber in this experiment. 
Virtually all eggs were laid in cucumber when it was available. As 
with D.jarvisi and D.cacuminatus, the rate of oviposition of control 
and deprived flies did not differ and did not change with time.
When cucumber was absent, control flies laid few eggs (a total 
of 37 eggs from 48 females in 4 assays ). Flies from the deprived 
group laid more eggs into novel fruits than controls but the 
difference was not significant (App.Table 8.11). All of these eggs 
(n=220) were laid into the pear and tomato. Apple was ignored in all 
assays.
Conclusions.
These experiments demonstrate an important difference in the 
behaviour of generalist and specialist species of Dacus. D.tryoni
Figure 8.14. Oviposition preferences of D.caeuminat us when 
deprived of access to fruit for various periods and tested 
in the presence and absence of Solan uni.
Control and deprived as defined for Figure 8.12. Total eggs 
laid shown above histograms.
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strongly preferred apple if available, and was effectively deterred 
from ovipositing in Solanum when oviposition drive was low, but flies 
which had been deprived of oviposition apparently ignored the 
deterrent. By contrast the specialised species, D.cucumis and 
D.cacuminatus, strongly preferred the host fruit with which they are 
associated in the field. In general they would not accept other 
fruits in the absence of their usual host, even after several days 
without oviposition. D .cacuminatus, in particular, proved to be 
highly host specific. D.cucumis laid some eggs into unfamiliar fruits 
but the rate of oviposition was much lower than when the usual hosL 
was present. In neither of these species was there a significant 
increase in egg production in the deprived flies, as seen in 
D .tryoni. D.jarvisi again showed a consistent preference for 
Planchonia fruit although the specificity was not as absolute as 
shown by the other two specialist species. However, D.jarvisi readily 
accepted apple, pear, and tomato for oviposition when Planchonia was 
not available, irrespective of the period of deprivation. They also 
produced almost as many eggs when Planchonia was absent as when it 
was present, but in common with the the specialists, D.jarvisi showed 
no increase in the rate of egg production as a result of deprivation.
8.522 Numbers of mature eggs carried by female flies from control
and deprived groups.
Figure 8.15 shows the mean number of mature eggs carried by 
females of each species of Dacus (referred to hereafter as egg load) 
at the time of the assays for oviposition preference. For each 
species, changes in egg load were analysed by two factor ANOVAS using 
the groups of flies (control and deprived) as a fixed factor and time 
(no. of days of deprivation) as a random factor (App. Table 8.13).
There was no significant increase in the egg load of female 
D.tryoni in the control group throughout the experiment (Fig.8.15, 
App.Table 8.13). Flies in the deprived group contained significantly 
more eggs than controls (p<0.05) on days 4 and 7. There was a 
fourfold increase in egg load from day 1 (mean eggs/female = 23.7 
(+1.9)) to day 4 (mean eggs/female = 84.3 (+5.7)) which coincided
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with the acceptance of Solanum as an oviposition site. By day 18, the 
number of mature eggs was again similar to the controls. Females in 
the deprived group were observed ovipositing into water and food 
containers within their cage and this behaviour probably accounted 
for the reduction in egg load by day 18. Perhaps after a long period 
without access to fruit there is also a decline in the rate at which 
eggs are matured by the ovaries.
The egg load of female D .cacuminatus in the control group did 
not change significantly during the experiment and in the deprived 
group, egg load was significantly higher than controls only on day 4. 
A dramatic increase in egg load, as seen in D.tryoni, was not 
evident. Similarly in D.cucumis, the egg loads of control and 
deprived groups were not significantly different at any time during 
the experiment (Fig.8.15).
These results suggest that the oviposition behaviour of 
D.tryoni may be influenced by the rapid increase in egg load which 
occurred when oviposition was halted. This increase would presumably 
cause a marked increase in oviposition drive which may explain their 
ready acceptance of Solanum for oviposition. Female D .cacuminatus,
D .cucumis and D.jarvisi (see later) did not show this increase in egg 
load when deprived of fruit. It seems that in D.tryoni development of 
immature follicles is not inhibited after the primary follicle has 
matured. In most female D.tryoni from the deprived group, 2-3 mature 
eggs were present in each ovariole. One female had 5 eggs in a single 
ovariole. By contrast, in the other species oocyte maturation 
appeared to cease once oviposition was halted or at least reached a 
plateau at which each ovariole contained only one mature egg. Only 
rarely were two mature eggs present in one ovariole in females of 
these species, and this was restricted to only a few ovarioles in the
ovary.
Figure 8.15. The mean number of mature eggs carried by 
female Dacus when allowed continuous access to fruit 
(control - • ) or when deprived of hosts (deprived - o). 
Each point is the mean (& SE) of ten flies.
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8.53 Egg maturation in the presence and absence of host fruits.
In the experiments outlined above, rates of egg maturation were 
monitored in groups of flies only after maturation of the ovaries had 
occurred. In the light of the differences between species revealed by 
these experiments, I conducted a further series of experiments to 
examine whether the initial rate of ovarian maturation after 
emergence was influenced by the availability of fruit.
8.531 Methods.
Field strains of D.tryoni, D.cucumis, D.cacuminatus and 
D.jarvisi were used. These had been reared for one generation in the 
laboratory. From a single cohort of several hundred flies, three 
experimental groups of each species were established. Group 1 
(control) had access to a suitable host fruit continuously from 
emergence. The fruits were: D.tryoni- apple, D.jarvisi- apple,
D .cacuminatus- Solanum, D.cucumis- cucumber. Fruits were changed 
every one or two days. Group 2 had access to the same species of 
fruit, until ovarian maturation was complete and oviposition had 
started (development of the ovaries was monitored by regular 
dissections), and was then deprived of fruit. Group 3 had no access 
to fruit (other than olfactory stimuli from fruit in the other cages) 
continuously from emergence.
8.532 Results.
Figure 8.16 shows the change in egg load of flies in each group 
over time. In each case the "f" indicates the day on which fruit was 
removed from Group 2. Two factor ANOVAS were used to analyse the
it 'idifferences between groups, using the groups of flies as a fixed 
« •*factor and time (age in days) as a random factor (App. Table 8.14).
In D.tryonifthe change in egg load with time was different in 
the three groups of flies (significant "Groups" x "age" interaction, 
p<0.005 ). The egg load of group 1 increased rapidly and stabilised at 
about 50-60 eggs/female by 12 days of age. Flies in group 2 showed a
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similar pattern up to day 12. However, when fruit was removed egg 
load increased to a peak of 156 eggs/female on day 16. After this the 
numbers declined somewhat, due no doubt to oviposition into water and 
food containers. Those flies with no access to fruit (Group 3) also 
matured eggs rapidly and reached a peak of 132 eggs/female by 18 days 
of age. There was no indication that ovarian development was retarded 
in the absence of fruit.
In both D.cacuminatus and D.jarvisi there was a significant 
increase in egg load with age (p<0.005 in both cases) but no 
difference between the three groups of flies. The effect of age was 
due mainly to increases in egg load up to about 10 days of age, after 
which there was little change. There was no increase in the egg load 
of flies deprived of fruit after maturation (Group 2). For both these 
species, the group of flies which had no direct ccess to fruit 
matured a similar number of eggs at a similar rate to the other 
groups.
D.cucumis also showed a significant change in egg load with age 
(p<0.01), due mainly to the accumulation of eggs up to day 12 after 
which there was little change. However in this species there was a 
significant difference between the groups (p<0.01). Flies deprived of 
access to fruit from emergence, matured eggs more slowly and carried 
significantly fewer mature eggs at all ages than either of the other 
groups. Flies deprived of cucumber after maturation carried 
significantly more eggs than controls (p<0.05), but the difference 
was not as marked as in D .tryoni.
These experiments confirmed the results of the previous ones 
(Section 8.522). Only D.tryoni showed the marked increase in egg load 
when oviposition was halted. This suggests a difference between 
D.tryoni and the other species in the physiological mechanisms 
controlling the maturation of oocytes. It may be that in 
D.cacuminatus, D.cucumis and D.jarvisi there is some inhibition of
further development once the primary follicle has matured.
Figure 8.16. Changes in the number of eggs carried by 
female Pacu3 when allowed continuous access to fruit from 
emergence (#), when allowed access to fruit until ovaries 
were mature but then deprived (o ) or when deprived of 
access to fruit from emergence (x). Each point is the mean 
of ten flies. Note the different scale for D ♦tryoni 
relative to other flies. The on the abscissa for each 
species indicates the day on which cage 2 was deprived of 
access to fruit.
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8.6 Discussion.
The experiments showed that females of all five species of 
Dacus were able to discriminate between different species of fruit. 
More importantly they revealed a diversity of specialisation in 
oviposition behaviour which was consistent with the patterns 
infestation of fruit seen in the field.
D .tryoni, in keeping with its polyphagous behaviour in the field 
(May 1953,1957,1960), was stimulated to oviposit in most species of 
fruit offered to it and clearly recognises fruit on the basis of 
generalised cues common to many fruits. A notable exception was the 
fruit of Solanum mauritianum, the juice of which proved to be 
repellent to female D .tryoni. Despite the fact that its larvae can 
survive and develop in this fruit there is only one record of 
D.tryoni being bred from S.mauritianum (S.auriculatum of May 1953) 
collected in the field. Extensive collections of S.mauritianium of my 
own, and by G.H.S.Hooper (pers. comm.), have produced only 
D .cacuminatus. Thus this is one instance where the broad host range 
of D .tryoni is apparently limited by repellent stimuli. Even so, once 
the oviposition drive of females was increased the repellent/ 
deterrent property of Solanum was ignored.
Specialised species of Dacus; D .cacuminatus, D.cucumis and 
D.musae, proved to be quite host specific during oviposition. In 
general, females of these species would not oviposit in cultivated 
fruits, even when their usual host was not available to them. Nor was 
their specificity altered when deprived of the opportunity to 
oviposit for up to 16 days. This result suggests that these species 
may have specialised receptors which are specific to cues from the 
appropriate host.
In general the behaviour of D.jarvisi fell between the extremes 
of the generalised and specialised species. D.jarvisi displayed a 
distinct hierarchy of preferences in which the fruit of Planchonia 
careya was consistently most preferred. Almost certainly this strong
preference for Planchonia is the main proximate factor responsible
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for the absence of D.jarvisi from cultivated fruits early in the 
summer. However, in contrast to the specialists, the behaviour of 
D.jarvisi was sufficiently plastic that several cultivated fruits 
were readily accepted for oviposition, when Planchonia was not 
offered. This behavioural flexibility is consistent with the seasonal 
occurrence of D.jarvisi in cultivated fruits (Chapter 10).
Mechanisms of ho3t discrimination.
The variability in the specificity of oviposition behaviour of 
different species of Dacus may reflect differences in the sensory 
apparatus of each species or differences in the spectrum of stimuli 
required to elicit oviposition. Sensory differences could be based on 
either peripheral filtering of external stimuli by specialised 
receptors or else may refect central filtering of a spectrum of 
stimuli received by generalised receptors (Dethier 1966, Schneider 
1969). Different species of insect may receive different sensory 
information from the same plant or may receive identical information 
which is processed differently in the central nervous system. At 
present little is known for tephritid flies of the receptors involved 
in host selection, apart from those which detect the oviposition 
marking pheromone of R.pomonella (Prokopy & Spatcher 1977, Crnjar et 
al 1978, 1982). However, studies of the responsiveness of male 
D .dorsalis to methyl eugenol (Metcalf et al 1979) indicate that some 
tephritid olfactory receptors are not only particularly sensitive, 
but may be quite specific in their responses.
Host selection behaviour in the Tephritidae.
Host selection behaviour and oviposition preferences have been 
examined in several species of Tephritidae (Bateman 1972, Prokopy 
1977). Most of these studies have focused on the stimuli which elicit 
oviposition and orientation to the fruit. Little is known about long 
distance orientation to host trees or the movement of flies between 
trees within a patch (Prokopy 1977) though some recent studies with 
R.pomonella (Roitberg et al 1982, Roitberg & Prokopy 1982) have begun
along these lines. A complex of visual and olfactory stimuli is
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probably involved in the location of host trees, but the distances 
over which these operate are not clear. Flies may simply fly upwind 
until they enter the attractive zone around a host, as shown in 
another Dipteran by Finch & Skinner (1982). The factors which elicit 
oviposition in tephritid females after arrival on the fruit are also 
complex and include physical characteristics such as shape, size, 
colour, surface structure and condition as well as chemical stimuli 
from the skin and fruit pulp such as moisture content and the 
concentration of primary (sugars and salts) and secondary compounds 
(refs, in Prokopy 1977, Greany & Szentezi 1979, Szentezi et al 1979, 
Eisemann 1980). Species of Dacus may differ in the combination of 
these stimuli required to elicit oviposition. Although a spectrum of 
stimuli may be required, these need not be of equal importance and 
thresholds for each may vary independently with changes in internal 
drive. For example, D .tryoni may oviposit in any object which allows 
insertion of the ovipositor and has a moist interior (Eisemann 1980), 
whereas D .cacuminatus apparently requires a specific chemical 
releaser in addition to other cues before oviposition will occur.
Pritchard (1969) found that olfactory stimuli were important in 
eliciting oviposition in D .tryoni. Eisemann (1980) confirmed that 
many chemicals, several of which occur widely in fruits, will 
stimulate oviposition of this species. He also showed that short 
range orientation to fruit was achieved partly by vision but was 
considerably enhanced by odour of the fruit. In several other species 
of Dacus fruit odours are known to attract females over short 
distances and to stimulate oviposition; D.dorsalis, D.cucurbitae 
(Tanaka 1965), D.opiliae, D .tenuifascia, D.aquilonis (pers. obs ). 
Evenso studies by Chapman (1980) have emphasised the role of visual 
cues, particularly fruit shape, in the orientation of D .tryoni. 
Species of Khagoletis and Ceratitis capitata appear to orient to host 
fruits primarily by visual cues (Prokopy 1968,1969; Prokopy & Boiler 
1971; Moericke et al 1975; Nakagawa et al 1978) and are strongly 
attracted to appropriately shaped fruit models of the correct size. 
Tanaka (1965) found that C .capitata would oviposit in plastic fruits 
in the absence of fruit odours whereas D.dorsalis and D.cucurbitae
would not. However, both C .capitata and R.pomonella also respond to
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fruit odours (Feron 1962; Prokopy et al 1973; Fein et al 1982). In 
D.oleae (Prokopy & Haniotakis 1975) and R.pomonella (Bush 1974), 
there is some evidence that chemical and/or physical characteristics 
of the foliage holds flies in host trees longer than in non-host 
trees.
In a study of the physical and chemical stimuli involved in 
oviposition of Anastrepha suspensa, Greany & Szentezi (1979) and 
Szentezi et al (1979) concluded that neither primary nor secondary 
plant chemicals were important in host acceptance or recognition in 
this highly polyphagous species. Physical stimuli seemed to be of 
overriding importance although some secondary compounds (naringin, 
quinine) would inhibit oviposition. Thus this polyphagous species was 
found to respond to generalised fruit cues which might be common to 
many fruits and the range of fruits accepted for oviposition may be 
limited by the presence of deterrents. The selection of hosts by 
D .tryoni seems to limited in a similar way.
In those experiments where oviposition preferences were measured 
with both types of assay (with D.tryoni, D.jarvi3i and 
D .cacuminatus), the rank order of preferences was usually identical, 
even though the total number of eggs laid was often lower when using 
assay 2 (fruit slices under parafilm). Thus, although I did not 
attempt to identify which fruit stimuli elicited oviposition, the 
equivalence of the results in the two types of assay indicate an 
important role for chemical stimuli, as opposed to physical stimuli, 
in host discrimination and oviposition. Short range orientation to 
different fruits was not quantified, but observations showed that 
females of the specialist species quickly oriented to the preferred 
host. Female, D .cacuminatus and D.cucumis, in particular, rapidly 
moved to baits containing their host fruits and rarely visited 
alternative fruits present in the same cage. Thus chemical factors 
seem to be at least as important as the physical characteristics of 
fruit in short range orientation to the preferred host.
Chemical stimuli may be more important in host location, 
recognition and acceptance in the Dacinae than in the temperate
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species of Tephritinae and Trypetinae (Prokopy 1977). This difference 
may be a reflection of the environments in which the Dacinae have 
evolved. Dacus is of tropical origin with strong ancestral links to 
closed tropical forests. In this habitat visual orientation to 
individual trees over long distances is not possible since the 
canopies of adjacent trees merge. Similarly long distance orientation 
to fruit odours may be difficult because of the minimal air movement 
within rainforest canopies. Thus many species of Dacus may locate 
fruiting trees by random search and patterns of infestation may 
result from responses to olfactory stimuli from fruit over distances 
of only a few metres.
The results of section 2 show that the oviposition preferences 
of female Dacus were not biased in favour of the fruit in which they 
had developed as larvae. This is consistent with results with other 
holometabolous insects (Dethier 1954, Wiklund 1974, Stanton 1979, 
Tabashnik et al 1981, Rausher 1980, Fox & Morrow 1980, Jaenike 1982). 
There appears to be little support for the "Hopkin's Host Selection 
Principle” as a factor influencing preferences of ovipositing adults. 
However, late instar larvae of some Lepidoptera may prefer those 
species of plant eaten during earlier instars (Jermy et al 1968, 
Hanson 1976). Huettel & Bush (1972) showed some influence of 
conditioning in the host preferences of two host specific species of 
Procecidochares (Tephritidae) but a single allelic difference in the 
genetic basis of host selection was of greater importance in 
explaining oviposition preferences. In most species of Dacus, fixed 
oviposition preferences are probably under genetic control. In some 
insects, differences in feeding preferences between conspecific 
populations may also be genetically controlled (Dethier 1954, Singer 
1971, Hatchett & Galun 1970, Phillips & Barnes 1975, Hitter et al 
1979), but at present there is no evidence of consistent differences 
in host preference within species of Dacus.
The role of changes in host selection behaviour on the expansion of 
the host range of species of Dacus.
The conclusion that oviposition preferences of female Dacus are
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genetically based has important implications for the potential of 
different species to expand their host range or switch to new host 
plants. The ability of most specialised species to infest cultivated 
species of fruit is constrained by the specificity of their choice of 
fruit in which to lay eggs, rather than by specialisations in the 
physiology of larvae (Chapter 2). Opportunities for specialists to 
encounter cultivated fruits may also be constrained by specific 
habitat preferences of adults which correspond with the habitat of 
the host (eg. closed forest) (Smiley 1978). Furthermore the hosts of 
most specialists are only available during relatively brief fruiting 
seasons. Outside this season, adults may enter a reproductive 
quiescence, as seems to occur in D.opiliae (Fitt 1981 a,b), which 
would further limit their potential to encounter cultivated fruits. 
Nevertheless, despite the host specificity of D.musae, D .cacuminatus 
and D.cucumis in the laboratory, there are some records of 
infestation by these species in cultivated fruits. May (1953) 
recorded a few specimens of D .cacuminatus from tomato and one 
specimen has been reared from Brazilian Cherry (pers. obs). D.musae 
has been recorded from pawpaw, Capparis lucida and guava (May 1953, 
Chapter 10). May (1953 ) also records D.cucumis from two non- 
cucurbitaceous fruits; paw paw and tomato, while Gibbs (1965) 
recorded a few specimens from guava. Invariably these records involve 
only small numbers of flies.
Other specialist species of Dacus are also occasionally recorded 
from unusual hosts. Allwood & Angeles (1979) bred D .opiliae from 
mango on one occasion, and Fitt (1981a) recorded one specimen from 
Terminalia ferdinandiana, even though this fly is specialised on 
Opilia amentácea. It appears that, in the field, occasional mistakes 
in oviposition are made by females of the host specific species, 
probably as a result of a shortage of more suitable hosts in the 
locality. Nevertheless, because preferences of the adults which 
result from such infestations appear not to be altered^ it seems that 
specific behaviour during host selection is the major proximate 
factor limiting the potential of specialist species to become regular 
pests of cultivated fruits.
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Prokopy et al (1973) noted that, irrespective of the 
availability of suitable fruit in an area, at least some sexually 
mature R.pomonella females could be found on various non-host trees 
and that oviposition may occur. Bush (1974) has discussed, with 
reference to species of Rhagoletis, the chance that larvae may 
survive in novel fruits and eventually give rise to a new host race 
of flies. This process is an important component of his hypothesis 
that various species of Rhagoletis have arisen from host races by 
sympatric speciation (Bush 1974) (Recently criticized by Futuyma & 
Mayer 1980). However if, as in Dacus, accidental ovipositions in 
novel hosts do not influence the subsequent preferences of females, 
even if larvae do survive, then the incorporation of novel hosts as 
regular components of the host range would be unlikely without a 
genetic change. Bush (1974) points out that host shifts or extension 
of the host range may require evolutionary changes in genes affecting 
both adult behaviour and larval survival. However, since many 
cultivated fruits appear to be suitable for larval development of 
even the specialised species of Dacus (Chapter 2), a shift to these 
fruits may require little change in larval physiology. This 
conclusion cannot be extended to include shifts between native fruits 
(Chapter 2).
Thus adult behaviour would seem to be the main factor which 
restricts the occurrence of different species of Dacus in cultivated 
fruits. From my experiments it appears that the polyphagous species,
D .tryoni, has relatively plastic host selection behaviour and 
responds to generalised cues common to many species of fruit. Thus 
D .tryoni may have rapidly expanded its host range to include 
cultivated fruits with little evolutionary change. More specialised 
species would require genetic changes in some aspect of host 
recognition and acceptance before a novel host could be regularly 
incorporated into the host range (Bush 1974), even though larvae may 
be physiologically capable of survival in the new host.
Theoretically, single gene mutations may alter the behaviour or 
physiology of specialised species (Bush 1974) but at present nothing 
is known of the genetic basis or the amount of genetic variability 
associated with host selection in Dacus.
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As with D .tryoni, the ability of D.jarvisi to exploit cultivated 
fruits does not seem to be constrained by adult behaviour. Despite 
the consistent, genetically based preference of D.jarvisi for fruit 
of Planchonia, it has the behavioural capacity to lay eggs in 
cultivated fruits. Moreover, since Planchonia is a component of the 
understory of open tropical woodland, D.jarvisi would have habitat 
preferences which would allow it to exploit cultivated fruits grown 
in orchards. On this basis we might predict that D.jarvisi should 
aggregate at Planchonia trees and prefer these fruits whenever they 
can be found in a locality, but infest cultivated fruits at times of 
the year when Planchonia is not fruiting or in areas where it does 
not occur. Collections of ray own and analyses of other host records 
(Chapter 10) suggest that this is precisely what occurs in the field.
Changes in host specificity when oviposition drive is increased.
Results of section 3 revealed marked differences between species 
of Dacus in their response to a shortage of oviposition sites. 
Recently, Singer (1982) has described a method, for use with 
Lepidoptera, which quantifies the host specificity of females 
according to their behaviour when deprived of the opportunity to 
oviposit. When oviposition behaviour is not consummated the threshold 
stimulus required to release oviposition may be lowered and 
specificity consequently reduced. In my own experiments a similar 
technique was used to examine the host specificity of various species 
of Dacus. Oviposition preferences of female D.cacuminatus, D.cucumis 
and D .jarvisi did not change when they were deprived of oviposition. 
However, in D.tryoni, the ready acceptance of a normally deterrent 
fruit, after a few days without oviposition, suggests an important 
qualitative difference between D .tryoni and the more specialised 
species. Estimates of the egg load of females indicated that the 
basis of this difference was in the physiological control of ovarian 
maturation. Egg maturation in D.jarvisi, D.cucumis and D .cacuminatus 
appeared to continue until a plateau was reached where egg load was 
about equal to the total number of ovarioles characteristic of these 
species (Chapter 4). When oviposition was halted, maturation of 
further eggs above this level appeared to cease. Only rarely was more
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than one mature egg observed in a single ovariole in these species. 
Presumably the threshold for oviposition was not reduced and their 
behaviour did not change. This pattern is similar to many other 
Diptera in which maturation of the primary oocyte inhibits 
development of follicles in earlier stages (Highnam & Hill 1969, 
Engelman 1970, Bennettova & Fraenkel 1981). In general these species 
(eg. Lucilia cuprina, Webber 1955) develop eggs synchronously and 
deposit eggs in large batches. This is not true of Dacus, where 
ovarioles mature eggs asynchronously and eggs are laid in small 
groups (Chapter 4). In D.tryoni, there was apparently no regulatory 
feedback of this type and egg maturation continued after oviposition 
had ceased. This attribute of D .tryoni, combined with its normally 
generalised oviposition behaviour, suggests that females of this 
species are more likely to sample novel host fruits than are other 
species. It is not surprising, therefore, that D.tryoni rapidly 
became a pest of cultivated fruit in Australia.
A number of studies have revealed changes in the range of plants 
utilised by phytophagous insects when the preferred hosts are scarce 
(Singer 1971, 1982, Carne et al 1974, Wiklund 1981). Among 
tephritids, Prokopy (1977) reports R.pomonella infesting tomatoes 
(not a host) hanging on birch trees (not a host tree) after nearby 
host trees (sour cherry) had ceased fruiting. Similarly, Nohara & 
Fumihiko (1980) recorded D.cucurbitae infesting stringbeans when 
suitable hosts were no longer available. Both D .tryoni (Hely et al 
1982) and R.pomonella (Glasgow 1933, Neilson 1967) are known to 
oviposit in many fruits in which survival and development is poor or 
impossible. Comprehensive host lists for the Dacinae (May 1953, 1957, 
1960) show many instances of unusual host records for specialised 
species which invariably represent only a few specimens. In 
particular, many of the recorded native hosts of D .tryoni are based 
on only a few specimens bred on one occasion. It would seem that many 
of these instances reflect oviposition by females with a high 
oviposition drive. However, many instances of oviposition "mistakes" 
by female Dacus may pass unnoticed because larvae do not survive in
the novel fruit.
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Chapter 9: Factors influencing the distribution of eggs among
fruits within a host species.
9.1 Introduction.
In Chapter 8, I discussed the oviposition preferences ot female 
Dacus, of several species, when offered a range of different fruits. 
In this chapter, I investigate whether females also discriminate 
between fruits of a single species in ways which maximise the 
survival of their progeny. Fruit ripeness, the numbers of larvae 
already present and the presence of antagonistic organisms such as 
fungi may all influence the survival of Dacus larvae (Newell & 
Haramoto 1968, Bower 1975). Variability between individual foodplants 
of a single species in their suitability for development of insect 
larvae has been established by many workers including Singer 1971, 
Dixon 1976, Edmunds and Alstad 1978, Myers et al 1981, Langenheim et 
al 1978,1980, and Journet 1980. This variation may be genetic (Jones 
1972, Dolinger et al 1973) or it may reflect differences in the 
environmental conditions experienced by the plant (Wolfson 1980) or 
changes in the chemical or physical characteristics of the plant as 
it matures. The presence of other herbivorous insects may also 
influence the suitability of a hostplant (McClure and Price 1975, 
Mitchell 1975, Rausher 1979b, Beck and Reese 1976).
The presence of older larvae within a fruit was found to 
influence its suitability for the development of newly hatched Dacus 
larvae (Chapter 5). This was found in several hosts and could not be 
explained solely on the basis of a depletion of resources before the 
younger larvae could complete their development. This finding led me 
to investigate whether female D .tryoni and D.jarvisi were able to 
discriminate between infested and uninfested fruit during host 
selection. If the presence of older larvae is important in reducing 
the survival of young larvae in the field, then females which are 
able to disciminate against infested fruits should be favoured by 
natural selection. If females do not normally deposit eggs into 
infested fruits then the effects discussed in Chapter 5 may rarely 
occur in the field. However, discriminatory behaviour must operate
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within the constraints of host availability. When uninfested fruit is 
scarce, females may deposit some eggs into infested fruits because at 
least some of these larvae may survive. The cost in terms of reduced 
fitness may be balanced by the reduced livelihood of finding an 
uninfested fruit elsewhere.
For a fly to display preferences between fruit of different 
species, or between different fruits of a single species, it is 
necessary that it have the sensory capacity to discriminate between 
alternatives. Dethier (1976) emphasises this important distinction 
between discrimination and preference. For example, an insect may be 
able to discriminate between say, infested and uninfested hosts, but 
the elaboration of a preference for one type over the other may 
depend on ecological factors such as host abundance or the spatial 
distribution of hosts. In all arguments concerning the evolution of 
host preferences the constraints imposed by sensory limitations on 
discrimination must be considered.
Many studies have shown that eggs of phytophagous insects are 
not distributed at random among hosts of a single species. Eggs may 
be overdispersed (Prokopy 1972,1981a, Mitchell 1975, Rothschild and 
Schoonhoven 1977, Rausher 1979b, Cameron and Morrison 1974, Shapiro 
1981) or clumped (Rausher et al 1981, Myers et al 1981, Myers and 
Harris 1980, Myers and Campbell 1976, Jones 1977, Ives 1978, Harcourt 
1961, Shapiro 1981). In those cases where eggs are overdispersed, 
that is more uniformly dispersed than expected on the basis of random 
oviposition, the pattern results from behavioural discrimination 
against plants which already carry eggs. Searching females may detect 
prior infestations by visual (Shapiro 1981, Rausher 1979b, Gilbert 
1975) or chemical discrimination (Vinson 1976, Prokopy 1981a,b) and 
in many phytophagous insects, epideictic pheromones are known to 
influence the spacing patterns of progeny among units of food. 
(Prokopy 1981a). These endogenous pheromones are found in most insect 
orders, but are particularly well represented in the parasitic 
Hymenoptera (Vinson 1976). Usually the pheromones deter oviposition 
by later females thus producing a more uniform pattern of host 
infestation. Oviposition deterring pheromones (ODP's) are known in
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many species of Tephritidae (Prokopy 1981a,b, see later discussion), 
but no species of Pacu3 is known to produce an endogenous ODP (Pitt 
1981a, Prokopy & Koyama 1982, B.S.Fletcher pers.comm.), despite the 
fact that the distribution of eggs appears, in some cases, to be 
uniform (Pritchard 1969, Prokopy 1976a, Fitt 1981a). My own casual 
observations of 9 species of Dacus indicate that none of them display 
the characteristic marking behaviour after laying, as seen in 
Rhagoletis (Prokopy 1972), and none were deterred by the presence of 
eggs in potential host fruits. Thus in the experiments discussed here 
I examine the ability of female D .tryoni and D.jarvisi to distinguish 
between fruits which contain larvae and fruits without larvae. I 
first conducted a pilot experiment (Experiment 1) which indicated 
that given a choice between uninfested fruits or fruits heavily 
infested with 2 day old larvae, females of both species strongly 
preferred the uninfested fruit.
On the basis of this result I designed further experiments to 
answer the following questions
1. Do females discriminate against fruits which contained only a 
few larvae as is likely to occur in the field ?
2. Do females discriminate against fruits containing larvae of a 
different species ?
3. Is discrimination of females influenced by the proximity of 
infested fruits to other potential hosts ?
4. Is discrimination of females influenced by the size of 
fruits?
5. Does discrimination occur before or after the female lands on 
the fruit ?
9.2. General materials and methods
Most experiments were done in the field cages, described in 
Chapter 6, where more natural spatial distributions of fruit could be 
used and where females could exhibit a more natural sequence of 
behaviours when seeking hosts, than is possible in the laboratory.
Female flies used in these experiments came from laboratory
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cultures which had originated from flies bred from guavas collected 
in Cairns (Nth.Queensland). They had been cultured in the laboratory 
for three generations when the experiments began.
To produce flies with an oviposition drive similar to that of 
wild females, I allowed all females unlimited access to fruit for one 
week prior to each experiment. In this way their ovaries entered a 
regular schedule of oocyte maturation. At the commencement of any 
experiment each female carried 30-60 eggs, similax to that found in 
samples of active wild D.tryoni and D.jarvisi. This procedure was 
necessary because the preferences shown by female insects during 
oviposition are dependent not only on the quality and quantity of 
cues from the host, but also on internal physiological drives 
(Dethier 1976). Females of D .tryoni and D.jarvisi and many other 
tephritids display abberant host-selection behaviour if deprived of 
the opportunity to oviposit, either experimentally (Chapter 8) or 
naturally (Prokopy 1976a, Nohara & Fumihiko 1980). Females with a 
high drive to oviposit may ignore stimuli which are normally 
deterrent (Prokopy 1972, Chapter 8) and accept unusual host fruits or 
artificial oviposition devices which lack cues associated with host 
fruits (Prokopy 1976a).
All experiments were conducted during fine weather when the 
temperature was at least 25°. The field cages were each stocked 
with 50-70 mature females. Ample food, in the form of a syrup of 
protein hydrolysate and sugar, and water were provided.
In the first experiment, the infested fruits were heavily 
infested (100 larvae/fruit) but in all other experiments the infested 
fruits had only light infestations of eggs or larvae, usually the 
progeny from 1-2 ovipositions by laboratory females. This resulted in 
fruits containing about 10-15 larvae. The average weight of the 
fruits used (apricots, apples, peaches and nectarines) was not less 
than 30 g. Thus none could be considered heavily infested.
For each experiment the infested and control fruits came from a 
single batch of fruit purchased from retailers. All fruits were kept
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together until used, so as to minimise the development of any 
differences in ripeness. Eggs of both D.tryoni and D.jarvisi hatch in 
about 48 hours at 25 ° (Chapter 4). Thus fruits which were required 
to contain 2 day old larvae on a particular day were infested four 
days earlier. Similarly fruits infested two days before an experiment 
would contain newly-hatched and hatching larvae during that 
experiment. Fruits were suspended from the branches of the tree using 
elastic bands and fine wires. They were arranged about half a metre 
inside the outer branches in positions where each fruit could be 
easily seen. Care was taken to avoid damaging the skin since females 
tend to aggregate about damaged areas to oviposit (Pritchard 1969).
Specific details for each experiment are given in the 
appropriate sections.
9.3 EXPERIMENT 1: Responses by females to the presence of high
densities of larvae in fruit.
I first examined whether females would discriminate against 
fruits which were heavily infested with larvae. Each infested fruit 
(nectarines) contained about 100 larvae. I considered that if females 
did not discriminate between these fruits and uninfested ones, then 
it was unlikely that they would do so when fruits were much less 
heavily infested.
9.31 Methods
Two field cages were used. One contained 50 mature mated 
D.tryoni females and the other D.jarvisi females. On three successive 
days, each cage was offered a number of nectarines, half of which 
were heavily infested with larvae. Infested fruits in each cage 
contained larvae of the same species as the females in that cage.
The number of fruits offered on different days varied because some 
infested fruits developed fungal infections but on each day the 
number offered to each species of fly was the same; day 1 - 6  pairs 
of fruit, day 2 - 8  pairs , day 3 - 7  pairs.
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On day 1, the infested fruits contained 2 day old larvae 
(Experiment 1A), on day 2 they contained 1 day old larvae (Experiment 
IB) and on day 3 newly-hatched/hatching larvae (Experiment 1C). In 
each cage the infested and control fruits were arranged in pairs 
around the periphery of the tree. Fruits in each pair were 10 cm. 
apart and pairs were about 1 metre apart. Oviposition was allowed for 
6 hours (0900-1500) on each day after which all fruits were removed 
and dissected. I recorded the number of distinguishable ovipositions 
in each fruit, the number of eggs in each oviposition and the total 
number of eggs in each fruit.
Data for the mean number of eggs/fruit and mean number of 
ovipositions/fruit were analysed by 2 factor ANOVA for each day of 
the experiment. Fruit class (infested or uninfested) and species of 
fly were the two fixed factors. Since the same female flies were used 
on each day, the treatments were not independent. Also since 
different numbers of fruit were used on each day and since there was 
no a priori interest in comparisons between stages of infestation in 
the pilot experiment, I did not extend the analysis to a 3 factor 
ANOVA. For analysis of the number of eggs in each oviposition it was 
necessary to adjust the data sets to allow a balanced two factor 
ANOVA design. This was necessary because some infested fruits 
received no eggs. It was not valid to designate these fruits as 
having received 0 eggs/oviposition. This resulted in 6 replicates for 
each combination of species and fruit class. In experiments IB and 
1C, the data for some fruits was eliminated using a table of random 
numbers to create a balanced design.
9.32 Results
Table 9.1 shows the mean values for three measures of the 
distribution of eggs by each species of fly. Because of the 
adjustments to the data set for the number of eggs/oviposition, the 
values for total eggs/fruit shown in the table are not exactly equal 
to the number of ovipositions/fruit multiplied by the number of eggs 
/oviposition. Females of both D.tryoni and D.jarvisi showed a strong 
preference for the uninfested fruit (App. Tables 9.1,2,3), both in
Table 9.1. DISTRIBUTION OP EGGS BY FEMALE D.TRYONI AND P.JARVISI 
AMONG INFESTED AND UNINFESTED FRUITS IN EXPERIMENT I.
a) Mean number of eggs /fruit (SE’s shown in parentheses)
Age of larvae in D.TRYONI 
infested fruit n * Infested Control
D.JARVISI
Infested Control
2 day old 6 10.0 a 74.2 b 17.0 a 100.7 b
(2.8) (15.8) (4.8) ( 25.0 )
1 day old 8 9.0 a 65.0 b 16.0 a 70.5 b
(1.9) (13.3) (5.1) (12.9)
newly 7 2.7 a 58.9 b 7.3 a 75.6 b
hatched (1.2) (11.5) (1.7) (10.4 )
b) Mean number of ovipositions /fruit (SE’s shown in parentheses)
Age of larvae in D .TRYONI D.JARVISI
infested fruit n Infested Control Infested Control
2 day old 6 2.5 a 11.0 b 3.0 a 8.0 b
(0.5) (1.4) (0.7) (1.6)
1 day old 8 3.3 a 10.6 b 2.9 a 6.3 b
(0.8) (1.7) (0.6) (1.2)
newly 7 0.9 a 10.9 b 1.7 a 8.0 b
hatched (0.3) (1.8) (0.4) (1.0)
c ) Mean number of eggs /oviposition (SE* s shown in parentheses)
(adjusted means of data set used for ANOVA)
Age of larvae in D .TRYONI D.JARVISI
infested fruit n Infested Control Infested Control
2 day old 6 3.8 a 6.5 a 5.7 a 12.6 b
(0.5) (0.9) (1.0) (0.9)
1 day old 7 2.9 a 6.1 a 5.0 a 11.7 b
(0.3) (0.6) (1.0) (1.3)
newly 4 3.1 a 5.5 a,b 4.0 a 9.7 b
hatched (0.5) (0.4) (0.8) (1.5)
* n = the number of replicates used in the 2 Factor ANOVA 
Means in any row followed by different letters are significantly 
different at p= 0.05.
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the number of eggs/fruit and ovipositions/fruit (p<0.005 in each 
case). On average, 88.3% of all eggs were deposited in the uninfested 
fruits. For these two parameters there was no significant difference 
between the two species of fly nor any interaction between "species 
of fly" and "class of fruit".
The lower number of eggs found in infested fruits was not due 
simply to fewer ovipositions in these fruits but also to fewer eggs/ 
oviposition compared to controls. Analysis of the number of eggs per 
oviposition (Table 9.1) showed a significant influence of type of 
fruit (ie. whether it was infested or not) on this measure for both 
species of fly in all treatments (p<0.005, App. Table 9.3). Thus the 
few females which did accept infested fruits for oviposition 
deposited fewer eggs than those laying into uninfested fruit. In 
addition, there was a significant difference between the two species 
of fly in the number of eggs/oviposition. In all treatments,
D.jarvisi deposited more eggs/oviposition than did D.tryoni 
(p<0.005, Experiments 1A & IB p<0.05, Experiment 1C, App. Table 9.3). 
This interpretation assumes that each distinguishable oviposition was 
the result of laying by a single female, but is consistent with the 
differences in clutch size between these species recorded in Chapt 4.
This experiment showed that females of both species of Dacus 
discriminated between fruits with and without larvae, with a strong 
preference for the uninfested fruits. These results formed the basis 
of more extensive experiments designed to examine whether 
discrimination also occurred when the fruits were lightly infested 
and to examine the behaviour involved in discrimination.
9.4 EXPERIMENT 2: Responses by females to the presence in fruit of 
low densities of larvae of their own or a different species.
9.41 Methods.
The aim of this series of experiments was to determine whether 
female Dacus were able to discriminate against fruits which contained
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immature stages of either their own or a different species when the 
fruits were lightly infested. I further asked whether size and 
species of fruit influenced their discriminatory behaviour. Two 
species of fruit were used; apricots and Jonathon apples. These also 
differed in size (apricots, diameter -3 cm., apples, -7 cm.), so size 
and fruit species were confounded in this case. A further choice was 
introduced by offering the flies infested fruits which were infested 
on one side only. This was achieved by covering one side of the fruit 
with aluminium foil during its exposure to ovipositing females in the 
laboratory. Females which landed on an infested fruit could either 
reject the entire fruit in preference for an uninfested one, or could 
reject only the infested side in preference for the uninfested side. 
The experiments were conducted with females of both D.tryoni and 
D.jarvisi.
For each species of fly, I did three experiments, involving the 
choices shown below. In each case there were 8 replicates of each 
type of fruit.
Experiment 2A, Infested apricots containing 1 day old eggs: a choice 
of uninfested apricots, apricots containing D.tryoni eggs (1 day 
old), apricots containing D.jarvisi eggs (1 day old).
Experiment 2B, Infested apricots containing 2 day old larvae: a 
choice of uninfested apricots, apricots containing D.tryoni larvae (2 
day old ), apricots containing D.jarvisi larvae ( 2 day old).
Experiment 2C, Infested apples containing 2 day old larvae: same as 
Experiment 2B except that apples were used in place of apricots.
Experiment 2A was included as a check of laboratory observations 
which suggested that these flies do not avoid oviposition in fruits 
which contain eggs. Each experiment was done simultaneously for both 
species of fly (in separate cages), but the three experiments were 
done at two day intervals. Between experiments the cages were cleared 
of flies (by trapping and netting) and restocked with equal numbers 
of new females of similar age and oviposition history as before.
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Fruits were lightly infested in all experiments as outlined in 
Section 9.2.
Fruits were arranged in the field cages in triplets, each of 
which consisted of one uninfested fruit, one fruit containing 
D.tryoni progeny and one containing D.jarvisi progeny. Each fruit 
within a triplet was suspended about 10 cm. from the other two and 
triplets were separated by a distance not less than 1 metre. Fruits 
were exposed for oviposition for six hours (0900-1500 hrs.), then 
removed, dissected and the number of eggs in each fruit recorded. 
Infested fruits in Experiment 2A (which contained 1 day old eggs at 
the start of the experiment) were held for 24 hours at 25“before 
dissection. In this way the original eggs should have hatched and any 
unhatched eggs found by dissection were assumed to have been laid 
during the experiment. The error introduced by the few unhatched eggs 
from the original infestation should not be great, since high rates 
of egg hatch (> 90%) were usual in the laboratory cultures.
Eggs were counted by dividing the fruit into equal halves, one 
containing the original infestation (designated as side 1), and the 
other, which had originally been uninfested (designated side 2). In 
the case of the control fruits (initially uninfested), the two halves 
were assigned at random as side 1 or side 2. The number of eggs in 
each side of each fruit was recorded separately. In the Analyses of 
Variance, the factor "sides of fruit" examined the differences 
between sides 1 and 2.
9.42 Results
For each of the three experiments, the data on the number of 
eggs found in each side of each fruit are shown in Table 9.2, Figure 
9.1. Data was analysed by 3 factor ANOVA, with the three fixed 
factors being; "species of fly" (2 species), "type of fruit" (3 
types), and "sides of fruit" (2 sides), with 8 replicates of each 
combination of factors. Within each experiment all factors were 
orthogonal. All data was transformed to log x+1. Results of all 
AN0VAS and SNK tests are shown in App. Table 9.4.
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When infested fruits contained 1 day old eggs (Experiment 2A), 
D.tryoni laid more eggs overall than D.jarvisi (p<0.005), but females 
of neither species discriminated between infested and uninfested 
fruits. Nor did they discriminate between different sides of the 
infested fruits (Table 9.2, Fig. 9.1). This confirmed laboratory 
observations and experimental studies of other Dacus species (Fitt 
1981a, Prokopy & Koyama 1982), which indicated that these species do 
not deposit an oviposition deterring pheromone.
Results of Experiment 2B were quite different. When the infested 
apricots contained 2 day old larvae of either species, they received 
significantly fewer eggs than the uninfested controls (p<0.005,
Fig.9.1, Table 9.2). Of the fruits with larvae, those infested by 
D.tryoni also received significantly fewer eggs from both species, 
than those infested by D.jarvisi larvae. This was due mainly to the 
behaviour of D.jarvi3i females, which laid many eggs into the 
uninfested side (side 2) of fruits infested with D.jarvisi larvae 
(Fig.9.1, Table 9.2). There was also a significant difference overall 
between the sides of each class of fruit. Side 1 received 
significantly fewer eggs than side 2 (p<0.01). To analyse this 
difference between sides of fruit I conducted SNK tests on the six 
means (3 classes of fruit x 2 sides of fruit) for each species of 
fly. These results are indicated in Table 9.2. They showed that 
D.tryoni females laid many fewer eggs in both types of infested 
fruits (ie infested by D .tryoni or D.jarvisi) than in controls, but 
did not discriminate significantly between sides of the fruits.
D.jarvi3i behaved similarly, except that the uninfested side of 
fruits infested with D.jarvisi larvae received as many eggs as the 
control fruits. In this experiment there was also a significant 
difference between species of fly, but in this case D.jarvisi laid 
more eggs than D .tryoni (p<0.05). Overall about 64% and 88% of the 
eggs were laid into the uninfested control fruits by D.jarvisi and 
D.tryoni respectively. For neither species was there any clear 
evidence of differential discrimination between fruits containing 
larvae of D.tryoni and fruits containing larvae of D.jarvisi. 
Apparently the response was to the presence of larvae per se (or 
their effects).
Table 9.2. Mean Number of Eggs Deposited into Each Side of Pruit.
(SE? s are shown in parentheses).
(A) Dacus jarvisi .
Species of Dacus in infested side of fruit
Control
D .tryoni D.jarvisi (Uninfested)
Side of fruit Inf. Uninf. Inf. Uninf. 1 2
Eggs 5.1 a 8.0 a 3.3 a 7.4 a 16.4 a 6.5 a
Stage of
(apricot) (2.4) (3.1) (1.4) (1.2) (7.9) (2.3)
life Larvae 1.3 a 3.1 a 1.8 a 9.6 b 13.5 b 15.0 b
history (apricot) 
infesting
(0.8) (1.3) (0.8) (2.0) (5.3) (4.0)
fruit Larvae 6.5 a 21.6 b 4.1 a 24.6 b 38.5 b 32.4 b
(apple) (3.9) (9.4) (2.0) (5.5) (6.6) (5.7)
(B ) Dacus tryoni
Species of Dacus in infested side of fruit
Control
Side of fruit
D .tryoni 
Inf. Uninf.
D.jarvisi 
Inf. Uninf.
(Uninfested) 
1 2
Eggs 22.3 a 14.9 a 20.8 a 19.5 a 26.3 a 30.3 a
Stage of
(apricot) (4.7) (3.6) (4.2) (4.7) (7.2) (8.6)
life Larvae 0.1 a 1.3 a 1.3 a 1.6 a 16.3 b 15.0 b
history (apricot) 
infesting
(0.1) (0.9) (0.8) (0.9) (5.8) (4.1)
fruit Larvae 6.9 a 24.6 b ll.l a 26.6 b 59.4 b 54.1 b
(apple) (3.0) (6.1) (9.2) (6.5) (6.9) (16.5)
Keans in any row followed by different letters are significantly 
different at P=0.05. Tested by SNK tests (see Appendix Table 4).
Pigure 9.1. The distribution of eggs by female P.jarvisi 
and D ♦tryoni into each side of fruits which were uninfested 
(Cont) or contained progeny of D.jarvisi or D.tryoni. 
Numbers 1 and 2 beneath histograms refer to sides 1 and 2 
of the fruits. Side 1 of the infested fruits contained the 
infestation while side 2 was initially uninfested. Letters 
above the histograms indicate significant differences among 
means for each experiment.
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FIGURE 9-1
BEHAVIOUR OF
D.JARVISI D.TRYON I
SPECIES of LARVAE in INFESTED FRUITS
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When the same experiment (fruit with 2 day old larvae) was 
repeated using apples (Experiment 2C), there was no significant 
difference between the species of fly but again there was strong 
discrimination between the types of fruit (p<0.005, Table 9.2,
Fig.9.1). Control fruits received significantly more eggs than either 
class of infested fruit and females did not distinguish between the 
two classes of infested fruit. So again there was no indication that 
females discriminated only against those fruits containing larvae of 
a particular species of fly.
However, in this experiment, in contrast to experiment 2B, there 
was a highly significant difference between sides 1 and 2 of the 
fruit (p<0.005), and also a'significant interaction between this 
factor and types of fruit (p<0.005). The cause of the interaction is 
clear from Figure 9.1. Because of the interaction, SNK tests were 
conducted on the means of factor B (types of fruit) pooled over 
factor A (species of fly) in each level of factor C (sides of fruit). 
Differences between the mean number of eggs laid in each side of each 
fruit were tested similarly (App. Table 9.4). In the two types of 
infested fruits, significantly more eggs (p<0.05) were deposited into 
the uninfested side (side 2) of the fruit whereas in the control 
fruits there was no difference between the two sides (Table 9.2).
This difference in the effect of the factor, "sides of fruit”, in the 
infested fruits, as opposed to the controls, resulted in the 
significant interaction in the analysis. Thus in this experiment 
using larger fruit than the apricots used in Experiment 2B, females 
which landed on an infested fruit had discriminated mainly against 
the side containing the larvae. In the smaller apricots, females had, 
in general, rejected the entire infested fruit for oviposition. 
Although size and species of fruit were confounded in this experiment 
it seems reasonable to attribute this difference in female behaviour 
to differences in the size of fruit, since females were probably able 
to locate, in the larger apples, a site well away from the 
infestation for their own oviposition.
These experiments showed that females of each species of Dacus 
did not discriminate against fruits which contained unhatched eggs.
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However they showed strong discrimination when larvae were present. 
Discriminatory behaviour was independent of the species of larvae 
present in the fruit.
9.5 EXPERIMENT 3(a):The influence of the pattern of dispersion of 
infested and uninfested fruits on the disriminatory behaviour of
female D.tryoni.
Experiment 2 had shown that, when fruits were presented in 
clusters, females showed a strong preference for fruit which was 
uninfested with larvae. However, the close arrangement of fruits, 
meant that those females which landed on infested fruits could more 
easily display a preference because of the close proximity of more 
attractive uninfested fruits. Attractive stimuli from these fruits 
may reinforce any repellent stimuli from the infested ones. Under 
field conditions, fruits differing in the degree or stage of 
infestation are unlikely to occur in any specific pattern on a given 
tree, except where patterns of fruit ripening may differ (say between 
terminal and internal fruits on a branch or between lower and higher 
branches). I therefore tested whether discrimination occurred when 
the fruits were more evenly dispersed throughout the canopy of the 
tree. The pattern of egg distribution among fruits may be influenced 
by discrimination both prior to and after landing. However, once a 
female has landed on an infested fruit, her behaviour may then be 
influenced only by the stimuli from that fruit and some eggs may be 
laid simply because of the absence of more attractive stimuli 
closeby. Since D.jarvisi and D .tryoni had behaved quite similarly in 
Experiments 1 and 2, all subsequent experiments were done only with 
D.tryoni females.
9.51 Experimental Design.
The experiment involved two types of fruit (nectarines infested 
with 2 day old larvae and uninfested controls), and two patterns of 
fruit dispersion (paired or evenly dispersed). Two field cages were 
stocked with 70 females. Each infested fruit contained the progeny 
from two ovipositions by female D.tryoni, but I had not restricted
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these to any particular area of the fruit. In cage 1, the fruits were 
arranged in pairs of one infested and one uninfested fruit, 10 cm. 
apart, with at least 1 metre between consecutive pairs. In cage 2, 
the fruits were evenly distributed, but randomly arranged around the 
circumference of the tree, about 1 metre apart. In each cage there 
were 16 fruits, which were exposed for oviposition for 6 hours. They 
were then removed, dissected and the number of eggs laid into each 
was recorded.
Observations were made of the behaviour of females during 
oviposition to determine when the discrimination occurred. Two 
observers, one in each cage, recorded female behaviour during two 
periods of 1.5 hours (1030-1200 & 1330-1500). The observers swapped 
cages after the first observation period. Thus each cage was 
monitored for 1.5 hours by each observer allowing any effects due to 
observer bias to be noted. At 10 minute intervals counts were made of 
the number of flies on each fruit. To do this the observers walked 
slowly around the tree to score each fruit. This movement did not 
appear to disturb the flies. Counts were not restricted to flies 
which were actually laying at the time, since others could have just 
completed an oviposition or be searching the fruit prior to 
ovipositing. Between counts, measurements were made, with a stop 
watch, of the residence times of individual females on fruit of each 
type. Measurements were taken only of those females which were 
observed from the time of landing. Only the total time from landing 
to departure was recorded. In several instances, a female was being 
monitored when a census was due. In these cases the census was 
conducted, then observations recommenced on the same fruit as before. 
If a female was still present it was assumed to be the same one as 
before. In some cases a female, which was being monitored, was 
disturbed by the arrival of a second female and was occasionally 
displaced from the fruit. Residence times for these flies were not 
included in the analysis. For each female I also recorded whether the 
fruit was probed with the ovipositor before she departed.
Table 9,3. Distribution of eggs by female D. tryoni among infested 
and control fruits with two patterns of dispersion.
(means & SE’s are shown)
Arrangement of Infested & Uninfested fruits 
Paired Evenly Dispersed
Control Infested Control Infested
Mean eggs/fruit 68.6 a 
(9.3)
5.3 b 
(2.0)
54.0 a 
(8.9) •
5.3 b 
(2.0)
Mean ovipositions/ 
fruit
12.4 a 
(1.3)
1.9 b 
(0.7)
10.3 a 
(1.4)
1.9 b 
(0.6)
Mean eggs/
oviposition
5.5 a 
(0.5)
2.9 b 
(0.5)
5.6 a 
(0.8)
3.2 b 
(0.8)
Mean residence 
time (secs )
849.0 a 
(194.7)
99.0 b 
(56.1)
578.0 a 
(125.2)
106.0 b 
(47.4)
Range of values 210-3840 15-1752 56-2413 10-750
Means in any row 
different at P = 0
followed by 
.05.
different letters are significantly
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9.52 Results a) Distribution of eggs.
Table 9.3 shows the distribution of eggs among test fruits. For 
the three measures of egg distribution; mean number of eggs in each 
fruit, mean ovipositions in each fruit and the mean number of eggs in 
each oviposition, there was a highly significant effect of the type 
of fruit (p<0.005 in each case, App. Table 9.5). Again, because some 
infested fruits received no eggs, it was necessary to exclude some 
fruits at random from the data set for the parameter, mean eggs per 
oviposition, to give a balanced design for ANOVA.
The way in which fruits were dispersed in the tree did not 
influence the choice of fruits for egg laying, nor was there any 
significant interaction between the two dispersion pattern and type 
of fruit (App. Table 9.5). D .tryoni females discriminated as strongly 
against infested fruits when these were relatively isolated from 
controls, as when they were in close proximity. CJninfested fruits 
received 92.8% and 91.1% of the total eggs in the paired and evenly 
distributed arrangements respectively.
b) Observations of the behaviour of females during oviposition.
At each census, the proportion of the total flies observed on
the uninfested control fruits was always more than 60%, and often
more than 90%, in both cages. Overall means of 85.2% (+2.30) and
78.7% (+7.33) were observed on control fruits in the paired and
evenly distributed arrangements respectively. Table 9.4 shows the
distribution of flies among fruits recorded by the two observers. A
22 x n contingency OC analysis showed that the distribution of flies
2was independent of the census time (“X^IO.42, MS for the paired 
2distribution, ‘X,7=16.44, NS for the even distribution). Thus there 
was no influence due to observer bias or time of day. Census results 
were therefore pooled for each cage (Table 9.4). Chi-squared analysis 
on the pooled data, on the expectation of an equal distribution of 
flies between fruits containing larvae and controls, showed highly 
significant departures from this expectation for both patterns of 
fruit dispersion (Table 9.4). Overall about five times as many flies
Table 9.4. Pooled numbers of female D. tryoni observed on 
Infested and control fruits during censuses.
(A) Paired Distribution of infested and control fruit.
(totals from 9 censuses during each period)
Type of Fruit
Census Period Infested Control
1030 - 1200 8 66
1300 -  1430 19 77
Combined 27 143 <x f = 3 9 . 5 8 , p < 0 . 0 O l
Ratio. Control/ Infested = 5 . 3 : 1
(B) Even Distribution of infested and control fruit.
(totals from 9 censuses during each period)
Class of Fruit
Census Period Infested Control
1030 -  1200 4 24
1300 -  1430 8 41
Combined 12 65 7 c f= 1 8 .2 4 ,p < 0 .0 O l
Ratio. Control/ Infested = 5 . 4 : 1  -
Table 9.5. Proportion of female D. tryoni which were observed to
probe with the ovipositor prior to leaving a fruit.
Type of fruit
Pattern of Dispersion of Infested Control
infested & control fruit N % N %
Paired 2/31 6.5 17/19 8 9 .5
Even 0/21 0.0 18/23 7 8 .3
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were observed on the control fruits as on the infested ones. This 
bias could reflect either different rates of landing on the two 
classes, or different residence times after landing, or a combination 
of both.
Analysis of the mean residence times of females on each type of 
fruit (conducted on ten randomly chosen values from the data set for 
each combination of dispersion pattern and fruit class (App. Table 
9.6), showed that only the type of fruit significantly influenced the 
behaviour of females after landing (Table 9.3, p<0.005). Those flies 
which landed on an uninfested fruit remained there for an average of 
about 12 minutes. By contrast, flies which landed on the infested 
fruits usually remained for less than 1 minute. The pattern of 
dispersion had no effect nor wsls there any interaction between the 
type of fruit and dispersion pattern. Typically after landing on a 
fruit, a female moved over the surface repeatedly touching it with 
her proboscis. During these inspections any irregularities or cracks 
in the fruit skin were examined closely. Of those females observed on 
the uninfested fruits, 80-90% probed the fruit with the ovipositor 
before leaving (Table 9.5). In most cases this probing resulted in a 
successful oviposition. By contrast, only 4 % of females probed the 
infested fruits before leaving (Table 9.5).
Although rates of landing on each class of fruit were not 
measured directly, the differences in the numbers of flies observed 
on each type of fruit in censuses and the difference in residence 
times on each type were similar (Table 9.4). This suggests that 
discrimination occurred after landing. The observations that females 
remained only briefly on infested fruits and did not probe before 
leaving suggests that these fruits were repellent.
One day after the completion of the above experiment I conducted 
a further trial with one of the same groups of females. They were 
again given the choice of infested and uninfested nectarines, which 
were arranged in pairs (8 pairs). However, in this case the infested 
fruit contained only freshly deposited D.tryoni eggs. Residence times
were measured and censuses conducted at ten minute intervals as
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before. When given this choice, females, which only the previous day
had discriminated against fruits containing larvae, did not
discriminate between the two classes of fruit. At each census about
50% of the total flies were observed on each class of fruit. Pooled
totals from 15 censuses showed 72 flies on infested fruit and 73 on 
2controls (0C,=0.003, NS). In addition, the residence times on each 
class were not significantly different. The mean residence time of 10 
flies on infested fruits was 743.0 (+ 89.7,SE) seconds, while for 8 
flies on controls it was 778.0 (+ 185.2) seconds. Of these females, 
90.0% probed the infested fruits, and 87.5% probed the controls 
before leaving. I did not record the number of eggs deposited in this 
case. This result reinforces the evidence from earlier experiments 
that these flies do not deposit oviposition deterring pheromone, nor 
are eggs themselves repellent to ovipositing females.
9.6 EXPERIMENT 3(b) Responses of female D.tryoni to the presence
of larvae in large fruits.
Experiment 3(a) showed that when nectarines were used as the 
test fruits, females discriminated strongly against fruits containing 
two day old larvae. In these small fruits, larvae may be relatively 
closer to the fruit surface than would be the case in a larger fruit. 
Thus their activity or affects may be more easily detected by a 
searching fly. Larvae which hatch in peaches, for example, tend to 
burrow immediately towards the centre of the fruit and feed around 
the stone (Bower 1975), where they may be less detectable. Therefore, 
although I had already shown (Experiment 2C) that females could also 
detect infestations in large fruits (apples), I conducted a further 
experiment using large peaches (Blackburn variety) to determine 
whether the movement of larvae away from the surface influenced 
discrimination by the females.
9.61 Methods.
The design was similar to the paired distribution used in 
Experiment 2(A). Seventy females were offered a choice of uninfested 
peaches or peaches which were lightly infested with 2 day old
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D.tryoni larvae. The fruits averaged 65 gms. in weight and 8 cm. 
diameter. Eight pairs of fruit were arranged around the tree. I 
conducted ten minute censuses, measured residence times and finally 
dissected all the fruits to count the number of eggs laid.
9.62 Results.
A total of ten censuses were conducted. A contingency
2X analysis showed that census time and the distribution of flies
2between classes of fruit were independent (X^=6*771, NS). Therefore
census results were pooled and differences between the classes of
fruit were examined by chi-square, on the expectation of an equal
distribution between the two classes. A total of 47 flies were
observed on the uninfested peaches but only 6 on the infested fruits 
2(X,=31.72, p<0.005). Flies which landed on infested fruits remained 
there for a significantly shorter period than those on controls, and 
mean residence times were 90.3 + 52.8(SE) and 797.8 + 186.3 seconds 
respectively. These values are significantly different, (p<0.005). 
Moreover, only 15.4% of flies which landed on the infested fruits 
probed before leaving, whilst 69.2% probed the controls, and most of 
these deposited eggs.
Dissections showed that infested fruits contained a mean of only 
5.25 ( + 4.22) eggs after the 5 hour exposure period, whereas controls 
contained a mean of 18.63 (±4.60) eggs. This difference is 
significant (p<0.05, App. Table 9.7). The mean of the infested group 
was attributable mainly to one fruit, which received 34 eggs. Six of 
the eight infested fruits received no eggs.
This Experiment confirmed the results of Experiment 1 (Treatment 
3). Female D.tryoni were able to discriminate between infested and 
uninfested peaches, despite their large size and the probable 
movement of larvae away from the surface, and showed a preference for 
the uninfested ones.
213
9.7 EXPERIMENT 4: The influence of larvae, in different stages of 
development In fruit,on discrimination by adults between fruits.
In experiments 2 and 3, female D.tryoni did not discriminate 
against fruits which contained newly laid or 1 day old eggs, but did 
discriminate against fruits with two day old larvae. Experiments
1 (B & C) suggested that females may be deterred even when only newly 
hatched larvae were present, but this result may be misleading 
because of the high densities used in that case. Therefore, the 
present experiment was done to determine when, between the stages of 
egg deposition and the presence of two day old larvae, an infested 
fruit became unattractive to females seeking hosts.
9.71 Methods.
Procedures were similar to those of the previous experiments.
All infested fruits (nectarines) were lightly infested with D.tryoni 
progeny. There were five types of fruit:
1: uninfested.
2: infested with 1 day old eggs.
3: infested with hatching or newly hatched larvae.
4: infested with 1 day old larvae.
5: infested with 2 day old larvae.
Five replicates of each type of fruit were arranged in two 
patterns of dispersion. In cage 1, the fruits were suspended in 
clusters of five fruits, one from each class. Within the clusters, 
the fruits were randomly arranged in a ring, with about 10 cm. 
between adjacent fruits. Clusters were separated by about 2 m. In 
cage 2, the fruits were evenly dispersed, with about 1 m between 
adjacent fruits. The order of the five classes of fruit around the 
tree was random. Because of the large number of fruits, it was 
necessary that some were positioned well within the canopy, but no 
class was disproportionately represented inside or around the 
periphery of the canopy. Seventy females were allowed to oviposit in 
the fruits for 6 hours before they were removed and dissected.
During this experiment, I was not able to measure residence times on
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each class of fruit but censuses were made as before. These were 
taken at 10 minute intervals in each cage} but the times were 
staggered by five minutes since only one observer was available.
9.72 Results.
Analysis of variance on the number of eggs deposited in each 
class of fruit showed that the stage of infestation had a highly 
significant influence (p<0.005, App. Table 9.8), but the pattern of 
fruit dispersion had no significant effect, nor was there any 
interaction. SNK tests on the means for each type of fruit, pooled 
over the two dispersion patterns, showed no significant difference 
between the control fruits and those containing one day old eggs 
(Types 1 & 2), although Type 2 fruits received noticeably fewer eggs 
than the controls. Fruits, which contained larvae of varying ages 
(Types 3,4 & 5), received significantly fewer eggs than the two 
classes containing larvae (Table 9.6). Thus females had discriminated 
strongly against the infested fruits as soon as eggs had hatched. 
There was some indication that the fruit become even less attractive 
as the larvae developed, since fruits in Class 5 received 
significantly fewer eggs than those in Class 3 (p<0.05). However, 
both these classes were not significantly different to Class 4 (Table 
9.6).
For both the grouped (12 censuses) and evenly distributed
arrangements of fruit (11 censuses), census time and fruit type were 
2 2independent ('X^ grouped)= 42.35, NS; 0^(even)=31.10, NS). That 
is, the distribution of flies among fruits did not change with time 
of day. Analysis of the pooled census results showed highly 
significant departures from the expectation of an equal distribution 
between the types of fruit, similar to that found in earlier 
experiments (Table 9.7). Most females were observed on fruit classes 
1 and 2. As before; it is not clear whether this pattern was due to 
differences in the rates of landing or of residence times of females 
on each class of fruit.
Table 9»6, Distribution of eggs by female D. tryoni among fruits 
differing in the stage of larval development.
Mean number of eggs/fruit are shown (SE’s in parentheses)
Pattern of Stage of life history in infested fruit
Dispersion Uninfested 1 day old Hatching 1 day old 2 day old
Controls eggs larvae larvae larvae
Grouped 55.0 a 28.5 a 4.4 b 1.6 b,c 0.0 c
(22.3) (11.4) (1.9) (1.6) (-)
Even 60.8 a 32.8 a 6.2 b 4.4 b, C 0.8 C
(14.0) (4.6) (3.1) (3.3) (0.4)
Means in any row or column followed by a different letter are 
significantly different at P=0.05 ( Analyses performed on data 
transformed to log X+l, App. Table 9.8, Untransformed means shown in 
Table ).
Table 9.7. Total number of flies observed on each class of fruit
during census periods.
2(X values based on expectation of equal distribution between 
classes)
Stage of life history in infested fruit
Pattern of 
Dispersion
Uninfested
controls
1 day 
eggs
Hatching
larvae
1 day 
larvae
2 day 
larvae Total <
Grouped N 51 24 9 11 4 99 72.46
% 51.5 24.2 9.1 11.1 4.0 * * * ■*
Even N 42 20 13 14 7 96 38.27
% 43.8 20.8 13.5 14.6 7.3
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9.8 EXPERIMENT 5 : Response of female D.tryoni to infested and 
uninfested fruit tissue In a laboratory bloassay.
The ability to discriminate against fruit with larvae may 
reflect responses to two types of stimuli. Firstly, females may be 
able to detect the physical presence of larvae, as they move within 
the fruit. Such behaviour is known in many parasitic wasps which use 
tarsal mechanoreceptors to locate their hosts moving within fruit3 
(Lawrence 1981) or other plant tissues (Vinson 1976). Secondly, 
females may detect a chemical change in the fruit which results from 
the activity of larvae. Decomposition of the tissue around the 
ovipostion site begins soon after the eggs are deposited. Bacteria 
which enter the fruit with the eggs (Chapter 3) are thought to be 
important in assisting the larvae to feed on fruit tissues (Bateman 
1972, Prokopy 1977). Proliferation of these bacteria, combined with 
the activity of larvae, may release some inhibitory chemical as 
decomposition proceeds. This may be derived from the fruit, bacteria 
or larvae.
Females may use both methods of detecting larvae. However, if 
infested tissue alone can be shown not to inhibit oviposition, then 
the first hypothesis probably applies. Therefore an experiment was 
designed to determine whether oviposition would be inhibited by 
decomposed tissue from which larvae had been removed.
9.81 Materials and Methods.
In order to produce fruit tissue which had been partly 
decomposed by Dacus larvae, but which contained no larvae, it was 
necessary to use artificial receptacles baited with different types 
of fruit tissue. Glass petri dishes baited with fruit tissue and 
covered with a skin of parafilm were used to produce artificial 
oviposition devices. Female D.tryoni readily oviposit in these 
devices. The parafilm was perforated with thirty pinholes. Three 
types of bait were used:
1. tissue from a Jonathon apple which had not contained 
larvae.
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2. decomposed tissue from an apple which had contained 3 day 
old D.tryoni larvae, but from which all larvae were removed.
3. a mixture of equal proportions of decomposed and 
uninfested tissue.
The third bait was included to determine whether the infested 
tissue was repellent to ovipositing females, or simply lacked the 
attractive stimuli necessary to induce oviposition. If the latter 
were true then these baits should receive as many eggs as those 
baited only with uninfested tissue.
All tissue was taken from a single batch of apples. Half the
fruits were infested in the laboratory and held, together with the 
ocontrols, at 25 until used, to reduce differences between groups 
due to differential ripeness. Baited receptacles were arranged on the 
floor of a large cage (30x30x45cm) in a randomised block design.
There were three replicates of each type of fruit.
Female D.tryoni which had had unlimited access to hosts for 1 
week were used in the experiment. They were added to the cage in 
groups of five to minimise interactions between them, which could 
have altered their apparent preferences. Each group was permitted to 
oviposit for 30 minutes, after which they were replaced with a 
further group of 5 flies. The experiment continued for 2 hours (ie. 4 
groups of flies). Each group was continuously observed and records 
kept of the number of landings on each receptacle and whether each 
female probed through the parafilm before leaving. Later the number 
of eggs deposited in each receptacle was counted.
9.82 Results.
The mean number of landings on each type of receptacle and the 
proportion of these which resulted in probing behaviour are shown in 
Figure 9.2 a,b. Data for the number of landings was analysed as a two 
factor mixed model ANOVA, appropriate for the randomised block design 
(Zar 1974, p.171, App. Table 9.9). There was no significant 
difference in the number of landings on the three types of bait.
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However, the proportion of landings which resulted in probing did
differ significantly (Fig. 9.2b). Female probing behaviour and the
2type of bait were not independent ('X2=23.25, p<0.001). Only 6.7% of 
flies which landed on the receptacles baited with infested tissue 
probed before leaving, in contrast to the 89.5 % which probed the 
uninfested tissue.
Two explanations could be advanced for this low level of 
probing. Firstly, the infested tissue may lack the specific stimuli 
which elicited probing into the uninfested tissue. However, females 
probed to an intermediate level the baits containing both types of 
tissue (Fig. 9.2b). A second explanation, consistent with this 
observation, is that decomposed tissue was repellent. Since flies 
left the baits containing infested tissue without probing, and could 
not touch the tissue with tarsal receptors, it seems that short range 
olfactory responses are involved.
Figure 9.2(c) shows the mean number of eggs deposited into each 
type of bait. Significantly more eggs were laid into the uninfested 
tissue than into either of the other baits (p<0.005, App. Table 9.9). 
Again, the baits containing both types of tissue were intermediate 
between the other two. Both the observations of probing and the 
distribution of eggs, suggest that females which landed on these 
mixed receptacles were faced with conflicting attractive and 
repellent stimuli.
This experiment suggests that chemical changes in fruit tissues, 
resulting from the larval infestation were the basis for the 
discriminatory behaviour of female D.tryoni. Larvae did not need to 
be present, though in the field the physical presence of larvae may 
reinforce the repellent stimuli emanating from the decomposing 
tissue.
Figure 9.2 a. The mean number of landings (+ SE) by female 
D.tryoni on baits containing tissue which had not been 
infested (UNINF), tissue which had contained larvae (INF), 
or a mixture of both (MIXED).
b. Proportion of landings on each type of bait which 
resulted in probing with the ovipositor.
c. Mean number of eggs (t SE) deposited into each type of 
bait.
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9.9 Discussion.
The experiments show that adult female Dacus are able to 
discriminate against fruits containing Dacus larvae. They 
consistently chose those without larvae for oviposition. Different 
spatial arrangements of infested and uninfested fruits on the tree 
did not alter this preference, even when infested fruits were 
isolated from controls. Since low densities of larvae were used in 
all experiments, the observed behaviour was not an artefact of the 
semi-natural experimental situation. Moreover the flies used in the 
experiments were a few generations removed from wild stock. This also 
suggests that the behaviour was not artefactual, since such 
discrimination would be expected to decline rather than be enhanced 
with laboratory culturing (cf. Prokopy 1972). Among Tephritids, 
females of R.pomonella, D.oleae and D.cucurbitae are also known to 
discriminate against fruit containing young larvae (Prokopy 1981b, 
Girolami et al 1981, Prokopy & Koyama 1982).
The way female Dacus are able to discriminate was not examined 
directly. Observations of flies after they had landed on infested 
fruits in the field cage, and the results of the laboratory 
experiment, indicate that the deterrent property of infested fruits 
is associated with chemical changes caused by the infestation. These 
changes may be caused by the proliferation of bacteria in the 
oviposition puncture, which may release fruit-derived or bacterial 
by-products which are deterrent to females. Perforation of the skin 
of fruits and maceration of the tissues also leads to the oxidation 
of polyphenols (chlorogenic acid, p-coumaryl- quinnic acid ,flavans) 
by polyphenoloxidases derived from the fruit (van Buren 1970,
Rombouts & Pilnik 1980). As a result the tissues are discoloured and 
volatile chemicals, which deter oviposition in female Dacus may be 
produced. Females may also be deterred by excess ethylene or other 
volatile compounds produced by the fruit as a response to the wound 
in the fruit caused by the ovipositor (Lund 1973). Girolami et al 
(1981) found that volatile lipo-soluble deterrents are released from 
olives by the actions of larvae. Recently Seo & Tang (1982) showed 
that female D .dorsalis were deterred from ovipositing in damaged
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green papaya by benzyl isothiocyanate, which was produced in response 
to puncturing of the skin. A similar deterrent volatile may be 
involved here. The volatile components of fruit tissue are complex 
(Nursten 1970), and specific biochemical tests would be necessary to 
identify those compounds in infested fruit which mediate the 
discriminatory behaviour of Dacus females. In contrast to Dacus 
females of many other insects whose larvae feed in decomposing 
organic matter respond positively to decomposed tissue and the 
presence of microorganisms is often a precursor for their oviposition 
(Brooks 1963). For example, in both the onion fly (Hylemya antique) 
and the corn seed fly (Hylemya platura), microbial proliferation 
releases compounds which enhance the attractiveness of the host plant 
(Hough et al 1981, Eckenrode et al 1975, Dindonis & Miller 1980).
Short range olfaction is most strongly implicated in the 
perception of the chemical changes in infested fruit by Dacus 
females. Contact chemoreceptors may also be involved, although the 
discrimination shown in the laboratory experiment, where contact with 
the tissue was not possible, would seem to rule out this possibility. 
Furthermore chemoreceptors on the ovipositor were also not involved, 
since probing of the infested fruits was not necessary for 
discrimination.
Although in these experiments females discriminated against 
fruits with larvae, when uninfested fruit was also available, in the 
field their response to such fruits may be influenced by many other 
factors. These may include the quality and quantity of host stimuli 
indicative of the stage of development, the physiological state of 
the female with respect to the number of eggs in the ovaries and her 
oviposition drive (Chapter 8), and also the availability and spatial 
dispersion of host trees bearing suitable fruit (Prokopy 1981b). In 
the field, discrimination may be difficult to distinguish from 
responses to the changing ripeness of fruits. Bateman and Sonleitner 
(1967) suggested that, for most commercial hosts of D.tryoni, the 
fruit became acceptable for oviposition only during the last week 
before abscission. Several species of Dacus prefer to oviposit only
in hosts at a particular stage of ripeness (Fowler 1977, Eisemann
220
1980, Fitt 1981a, Seo et al 1982). Thus i£ individual fruit3 are 
attractive only during a brief period before maturation, then 
observations of the pattern of egg distribution by females in the 
field, may suggest they were discriminating against infested fruit3, 
when in fact these fruits had simply passed the attractive stage. Two 
observations of oviposition behaviour from the field highlight thi3 
interaction. In March 1982, I observed female D.tryoni, D.jarvi3i, 
and D .neohumeralis infesting guavas. Each fruit which was selecLed 
for oviposition was collected and classified according to size and 
colour. The distribution of this set of fruits was compared with a 
random sample of fruits from the same tree (Chapter 10). This 
comparison showed that only a small subset of the available fruit3 
were chosen for oviposition (they were green, softening fruits, about 
3cm. in diameter). Mature yellow guavas were ignored and all of these 
contained larvae. This result may indicate that guavas are attractive 
only briefly during the ripening sequence, though females will accept 
ripe uninfested guavas for oviposition in the laboratory (pers.obs.). 
Alternatively the females may have chosen immature, but uninfested 
fruits, because those containing larvae were repellent to them. 
Observations of D.jarvisi infesting Planchonia careya showed a 
similar pattern. Nevertheless the experiments described here were 
conducted so that differences due to ripeness of the test fruits 
could not explain the preferences of females.
An important implication of discriminatory behaviour in Dacus 
females is that young larvae may rarely co-occur in fruits with older 
larvae, and the interactions discussed in Chapter 5 may not be an 
important component of larval mortality. Nevertheless, discrimination 
may alter the way one species of Dacus influences the reproductive 
success of another. Because D .tryoni is capable of a higher rate of 
egg production than D.jarvisi (Chapter 4) and also disperses its eggs 
in smaller batches, there is a greater probability that D .tryoni will 
be the first species to infest a greater proportion of a host crop, 
even if females of the two species are equally abundant. If 
D.jarvisi females then refuse to oviposit in these infested fruits, 
even if they are only lightly infested with larvae, then D.tryoni
will have reduced the availability of hosts for adult D.jarvisi. Thus
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D.tryoni may influence the reproductive potential of female 
D.jarvisi, even though resources for the larvae may not be in short 
supply. Of course, D.tryoni females would also avoid fruits in which 
D.jarvisi eggs had hatched, but D.jarvisi will be disadvantaged the 
most because of the higher fecundity of D.tryoni.
Oviposition of tephritid flies and the resultant patterns of egg 
distribution has received considerable attention, particularly from 
Prokopy and co-workers with Rhagoletis. In a number of species eggs 
are uniformly dispersed among host fruits (Leroux & Mukeriji 1963, 
Cameron & Morrison 1974, Pritchard 1969, Monro 1967, Prokopy 1976a, 
Pitt 1981a), while in others the pattern appeared to be random 
(Reissig & Smith 1978). Females in many of these species have 
recently been shown to deposit pheromones on the fruit after egg 
laying, which deter oviposition by females which arrive later 
(Prokopy 1972, 1975, 1981a, Cirio 1972, Prokopy et al 1976, 1977, 
1978, Katsoyannos 1975, Averill & Prokopy 1980). In fact at present, 
most of the examples of endogenous oviposition deterring pheromones 
(ODP's) in insects are from the family Tephritidae (Prokopy 1981a).
Species of Rhagoletis have the best known system of fruit 
marking with ODP. Typically these are species which have evolved in 
association with small fruits or berries (Bush 1966), in which only 
one or a few larvae can develop successfully. However, Ceratitis 
capitata, which infests large, cultivated fruits, also marks the 
fruit with an ODP (Prokopy et al 1978). In this case, it is thought 
that the ODP deters oviposition only in a small region around the 
original oviposition (Prokopy 1981b).
In R.pomonella, the ODP is produced in the gut (Prokopy et al 
1982b), is water soluble and is deposited during a characteristic 
behaviour which follows egg laying in which the female repeatedly 
circles the fruit while dragging her ovipositor over the surface. The 
pheromone is detected by chemoreceptors on the mouthparts and tarsi 
(Prokopy & Spatcher 1977, Crnjar et al 1978,1981). The chemical also 
operates as a male arrestant (Prokopy & Bush 1973) and as a kairomone 
for the egg parasite, Opius lectus (Prokopy & Webster 1978).
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Recently, Roitberg & Prokopy (1981) showed that females require 
experience of the ODP before they are able to discriminate between 
ODP marked and unmarked fruits.
All the known examples of ODP's in the Tephritidae are in the 
subfamilies, Tephritinae and Trypetinae. Among the Dacinae only 
D.oleae marks the fruit with a deterrent chemical, but in this case 
the deterrent is a component of juice of the olive fruit which is 
spread over the fruit by the female (Cirio 1972, Girolami et al 
1981).
The ecological factors which favour the evolution of fruit 
marking behaviour are probably complex. Prokopy (1981a) has 
summarised its evolution in terms of the efficient utilisation of an 
exhaustible resource. Oviposition deterring pheromones can be seen as 
adaptations to a suite of characteristics of the insect and host 
which include;-
1. a resource which occurs as discrete units, each with limited 
carrying capacity.
2. the resource is patchily distributed in space and time.
3. the feeding stages have weak powers of dispersal between 
resource units.
These characteristics obviously cover the resources of Dacus 
fruit flies, yet no species is known to use a fruit marking 
pheromone. However, their absence in Dacus and proliferation in 
Rhagoletis, may be explained by the contrasting life history 
strategies of the tropical Dacus and temperate Rhagoletis species 
(Bateman 1976,1977). For both genera the temporal availability of 
fruit is predictable, since most plants bear fruit during fruiting 
seasons which are determined by climatic factors, but the abundance 
of fruit within a patch is unpredictable from one season to the next. 
Furthermore, the amount of fruit available in any season is 
independent of the abundance of fruit flies in the previous season. 
Rhagoletis form localised populations with relatively little
dispersive movement (Bateman 1972, Boiler & Prokopy 1976). They enter
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a pupal diapause between fruiting seasons and adult emergence is 
closely synchronised with fruiting of one or a few hosts (Bush 1974). 
Emergent adults may well infest fruit on the same trees on which they 
had developed. Consequently there is a close relationship between the 
presence of flies in a patch of host trees in one season and 
recruitment into that patch next season. There may even be a close 
numerical relationship between stock and recruitment within a patch 
from one season to the next. Host resources are often fully exploited 
and mechanisms which increase the efficiency of egg distribution 
should be consistently favoured (Prokopy 1981a). In contrast to 
Rhagoletis, species of Dacus have no diapause (Bateman 1972) and form 
transient populations which are highly mobile and exploit patchy, 
seasonal host resources. There is little relationship between the 
presence of flies in a patch from one season to the next (Fitt 
unpub). In some seasons a local population of host trees may have no 
flies at all. Larval densities in fruit of a particular patch will be 
unpredictable, since many stochastic factors influence the number of 
females which locate that patch. Therefore there may be considerable 
variation between seasons and between local populations in the 
intensity of selection pressure favouring the evolution of a fruit 
marking. In some seasons an efficient pattern of oviposition may be 
favoured, while in the next little assessment of fruit infestation 
may be necessary. This variability in selection pressures would 
operate against the evolution of fruit marking behaviour in these 
flies. This is particularly so if any energetic investment in marking 
behaviour involves a cost in reduced fecundity.
In general these comparisons of Dacus and Rhagoletis are 
applicable only to D.tryoni and R.pomonella. A further attribute 
which may explain the evolution of fruit marking in Rhagoletis is 
that most species of exploit small fruits in which very few larvae 
can develop successfully. However, several specialised species of 
Dacus, which utilise small host fruits (l-2g), are also known not to 
have a marking system (eg. D.opiliae, (Fitt 1981a), D .cacuminatus 
pers obs.). It seems probable that the differences in population 
structure between the two genera, and the consequent differences in 
the within-patch synchrony of fly and host and the relationship
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between population size and recruitment, can explain the lack of an 
endogenous fruit marking system in Dacus.
Even so the discriminatory behaviour in two species of Dacus and 
the elaborate marking behaviour of Rhagoletis are analogous in some 
respects and their ecological implications may be similar. In both 
cases, a more efficient utilisation of host resources may result from 
a more uniform dispersion of larvae among individual hosts. If female 
Dacus tend to avoid a fruit when larvae are present in it, then there 
is less chance that individual fruits may become overloaded with 
eggs. In Rhagoletis the ODP ensures that the larvae resulting from 
the first eggs laid in a fruit, have an advantage over later ones 
(Prokopy 1981b). However, for Dacus there will be a lag period 
imposed by the hatching time of eggs. In both groups the system may 
be less efficient when the density of flies, relative to hosts, is 
high. As a result of this lag period, there is a greater possibility 
that overcrowding of eggs would occur in Dacus when females are 
abundant, because many females may oviposit in a single fruit before 
the first eggs have hatched.
Some of the behaviour patterns characteristic of marking 
behaviour in Rhagoletis are also seen in species of Dacus. Following 
oviposition Dacus females often circle the fruit (Pritchard 1969, 
Prokopy & Koyama 1982, pers.obs.), and occasionally may drag the 
ovipositor over the surface. During circling the fruit is also 
repeatedly touched ("tasted") with the proboscis. Prokopy & Koyama 
(1982) suggest this behaviour may be a remnant of the true marking 
behaviour. However, it seems more likely that ovipositor dragging and 
cleaning, and defaecation on the fruit, may represent the ancestral 
source of the elaborate marking system. Female Dacus spend some time 
cleaning their ovipositor after egg laying. During cleaning the 
ovipositor is extended and vigourously preened with the rear legs. 
Dragging the ovipositor over the surface of the fruit may further 
assist in removing fruit debris from the rasping surfaces. The 
findings that the ODP in R.pomonella is produced in the midgut 
(Prokopy et al 1982b), rather than a specialised organ, and that 
faeces also contain the deterrent, support the hypothesis that
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marking has evolved in this and other species as an elaboration of 
cleaning behaviour.
The behavioural responses of Rhagoletis and Dacus to marked or 
infested fruit are also quite silmilar. In both cases the female 
departs from the fruit after a brief period of inspection. Dacus 
females required only 60-90 seconds to determine that larvae were 
present. Recently, Roitberg et al (1982) have shown that female 
R.pomonella will abandon a tree on which all fruits have been marked 
with ODP. Desertion occurred after only three marked fruits had been 
inspected. How female Dacus may respond to a tree carrying only 
infested fruit is not yet known. At present little is known about the 
movement of female tephritids within or between patches of host 
trees. It is possible that dispersal amy occur in response to a 
shortage of uninfested fruits in a patch, rather than an absolute 
shortage of fruits.
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Chapter 10. The utilisation of host fruits and the association 
between D.jarvisi, D.tryoni and other species of Dacus In the field.
10.1 Int roduction.
In this chapter, I describe and analyse the way P.jarvisi and 
D .tryoni utilise various host fruits in the field to test the null 
hypothesis that the presence of D.tryoni influences the occurrence 
of D.jarvisi in cultivated fruits. Collections of fruit were made in 
North Queensland with particular emphasis on Planchonia careya, the 
main native host of D.jarvisi and guava (Psidium guajava), an 
abundant host which is utilised by several species of Dacus (May 
1953, 1963). Collections were made to provide wild flies for various 
fieldcage and laboratory experiments already described, and to 
provide information on two questions;
1. at what times of year does D.jarvisi infest cultivated fruits?
2. for species of fruit shared by D.jarvisi and D.tryoni (or
D .neohumeralis), is the distribution and abundance of species, 
between patches of host or between fruits within patches, consistent 
with the hypothesis that D.tryoni adversely influences the 
distribution and abundance of D.jarvisi?
To answer the first question conclusively would require 
extensive collections of host fruits at many sites over several 
seasons. This was not possible here, but I use data from my own 
collections, together with those of May (1953,1957,1960) and Gibbs 
(1965), to determine the seasonal occurrence of D.jarvisi as a pest 
of cultivated fruits.
Examination of the second question was based on analyses of the 
distribution and abundance of each species in collections of guavas 
in two seasons. Analysis of the association between pairs of species, 
and details of the levels of infestation of fruits, can be dealt with 
easily in dacine communities because individual fruits are discrete 
natural sampling units for these flies. There is no difficulty in
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deciding an appropriate sampling unit since larvae are unable to move 
between fruits. However, at the time of collection, most fruits 
contain hatched larvae. It is not possible to assess larval density 
without destroying the fruit in the process, and larvae cannot be 
accurately identified to species. Thus my analysis is based on the 
numbers of adults of each species which develop from individual 
fruits. As such the patterns of distribution and abundance must be 
examined cautiously because the number of adults per fruit is 
influenced both by the number of eggs laid in each fruit and the 
proportion of larvae which survive to maturity. D.tryoni could 
influence the reproductive success of D.jarvisi either by 
interference between adult females during oviposition, or between 
larvae during development, and the influence of these two components 
cannot be partitioned without additional information or by 
experiment, as in Chapter 6.
Ecologists have often used observations of the present day use 
of resources (summarised by values of niche width, niche overlap etc) 
or distribution of species with apparently similar ecological 
requirements as evidence for interspecific competition (Macarthur 
1972, Cody & Diamond 1975, refs, in Simberloff 1978a>. However, the 
observation of distributions alone can provide only indirect 
equivocal evidence for competition. Moreover, the degree of niche 
overlap need not be correlated with the intensity of interspecific 
interactions (Sale 1974) and alternative explanations could account 
for the observed patterns (Wiens 1977, Connor & Simberloff 1979, 
Simberloff & Connor 1981, Lawton & Strong 1981). Simberloff & Connor 
(1981) analyse many examples where biogeographic data on the 
distribution of groups of similar species have been interpreted as 
evidence for interspecific competition. They concluded that an 
alternative hypothesis that species colonise sites independently of 
the presence of other species was consistent with most of the data. 
More importantly they point out, as does Strong (1980), that even if 
patterns of distribution and abundance are not consistent with this 
alternative hypothesis, this is not evidence for competition. Species 
may be segregated in space or among resources, if they respond 
differently to environmental heterogeneity or be aggregated if they
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respond to such variation in similar ways (Strong 1982a). Unequivocal 
evidence of interspecific competition can come only from experimental 
manipulations of the densities or distributions of species (Connell 
1975, 1980). Thus here I examine the association of D.jarvisi and 
other species in guavas only to determine whether they are consistent 
with the hypothesis that D .tryoni restricts the distribution and 
abundance of D.jarvisi.
In attempting to test the pattern of distribution of Dacus in 
terms of interspecific competition, it is necessary to consider the 
appropriate null model that the species colonise sites, or fruits 
within sites, independently of the presence of other species. If 
D .tryoni (or D .neohumeralis ) does influence the fecundity or survival 
of D.jarvisi when they occur together, then one might expect the two 
species to be segregated among patches of host plants or among fruits 
within sites. That is, D.jarvisi would be reared successfully only 
from sites or fruits which by chance had not been located by 
D.tryoni. If however, the two species occur together at many sites we 
might nevertheless expect a negative correlation between the density 
of D.jarvisi and the density of D .tryoni in the same site. Thus I 
analysed the patterns of adult emergence of three species; D.jarvisi 
and the siblings; D .tryoni and D .neohumeralis, to test two null 
hypotheses :
1) the presence of D.jarvisi among patches of host plants or among 
fruits within patches is independent of the presence of the other 
species.
2) the abundance of D.jarvisi among patches or among fruits within 
sites is independent of the abundance of the other species.
10.2 Materials and Methods.
Host fruits of D.jarvisi, D.tryoni and a number of other species 
were collected during four field trips to North Queensland in 
November 1980, March 1981, January 1982 and March 1982. Fruits were 
collected near Brisbane, Rockhampton and Cairns during the first trip
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but only Cairns was visited on the other three trips.
Collection sites were selected only on the basis that mature
fruit was present. Fruits within sites were collected without
reference to the presence of Dacus. As a result the estimates of the
proportion of fruits infested and of the mean number of flies
produced per fruit were not biased by collecting only infested
fruits. This procedure also meant that standard tests of independence
2of the distributions of species (Of, , G-test etc) could be applied 
because I knew the number of sites with no Dacus at all. These tests 
are inappropriate if sites are not sampled at random (Sokal & Rohlf 
1969).
Fruits were packed in containers on a bed of sawdust and sealed 
with gauze. They were sent by air to Sydney and were held in a 
controlled environment room until all flies had emerged. Guavas and 
some other hosts were held in individual containers from the time of 
collection.
Guavas were collected at 23 sites in March 1981 and 29 sites in 
March 1982. The general area in which collections were made is shown 
in Figure 10.1. Unfortunately many of the 1981 sites were destroyed 
by local government and landowners attempts to clear roadside areas 
of guavas. As a result only 10 of the sites visited in 1981, were 
also visited the following year. At each site 10-20 mature intact 
fruits were collected from a single tree. The only criteria used to 
select fruits was that they had recently fallen or were mature on the 
tree. Fruits from which larvae had obviously left were not collected. 
In 1982 each fruit was weighed, to the nearest mg, on a spring 
balance at the time of collection. Emergence of adult flies from each 
fruit was recorded daily. In both years I measured the wing length of 
a large number of flies from several fruits since wing length is a 
reliable measure of body size for these flies (Chapter 4).
Fruits of Planchonia were collected in North Queensland only in 
January 1982. Unfortunately my first trip in November 1080, planned 
to coincide with the fruiting of this host, was slightly early. Most
F IG U RE  10* 1 Areo of north Queensland where collections
of host fru its  were made.
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trees carried only immature fruit which would have ripened within 
about 10 days. In January 1982, Planchonia was collected at 17 sites. 
Large samples of fallen intact fruits were collected to provide large 
numbers of flies for fieldcage and laboratory experiments. However, 
no fruits were held individually and all the fruits from each site 
were held together in large containers on a bed of sawdust.
Other cultivated and native hosts of Dacus were collected 
whenever encountered, most from sites near Cairns. Prom these 
collections I recorded the proportion of the sample infested, the 
numbers of larvae/fruit and/or the numbers of adults/fruit and the 
proportion of larvae parasitised by Opius wasps.
10.3 Results.
10.31 Plies produced from collections of Planchonia careya, the major 
host of D.jarvisi.
P .careya is the main host of D.jarvi3i in Queensland and the 
Northern Territory (May 1953, Fitt 1981a). It grows as a small tree 
to 10m and is common in open tropical eucalypt woodland on lateritic 
and sandy soils. P .careya is also found in communities behind beaches 
and is often the dominant understory tree where it occurs. Flowering 
occurs from August-October, but is later in Queensland than in the 
N.T. Individual flowers open for only one day and are particularly 
susceptible to damage by storms or heavy rain. An entire crop of 
flowers was lost in an early wet season storm in 1981 from a group of 
trees near Rockhampton (R. Elder pers.comm.). These trees flowered 
again and produced a small crop of fruit in late February 1982. The 
roundish to oval shaped green fruits mature from November to early 
February, though some trees may produce a small second crop later in 
the year (Fitt 1981a). Fruits do not change colour with ripening. 
Planchonia fruits consist of a tough fibrous exocarp surrounding a 
pasty whitish pulp which contains several seeds (Plate 10.1). Mature 
fruits average 30-40g in weight but there may be considerable 
variation in shape and size of fruit from the same tree (Plate 
10.1).
APLATE 10.1 (A) An example of the variation in size and shape of 
Planchonia fruits. (B) A sectioned Planchonia fruit showing the seeds 
embedded in the whitish pasty pulp. The thick exocarp is also obvious.
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In January 1982, Planchonia was in fruit or had finished 
fruiting, as evidenced by fallen fruits, at all sites visited near 
Cairns. Female D.jarvisi were obvious at all sites, often in high 
numbers (see for example Plate 6.2, Chapter 6) and large numbers of 
adults were produced from the collected fruits. The collections 
demonstrated that D .jarvisi had exclusive use of Planchonia. All of 
the 45,151 flies bred from the 817 fruits were D.jarvisi (Table 
10.1). Only one fly of another species of Dacus (a female 
D .neohumeralis) was observed on Planchonia fruits. This female 
oviposited in a fruit, but no D.neohumeralis progeny developed. 
Indeed, Fitt (1981a) showed that, of a group of species from northern 
Australia, only D.jarvisi larvae were able to develop in Planchonia 
fruits. Visits to all these collection sites in Harch 1982 showed 
that by this time fruiting had finished and there was no evidence of 
a second crop at any site.
The proportion of Planchonia infested at each site was 
determined by scoring the presence of oviposition punctures which 
appear as whitish marks on the green fruit. All the fruits were 
infested at most sites (Table 10.1). The table shows the total number 
of flies and parasitic Opius wasps which emerged from each 
collection. Opius are solitary parasites and each adult wasp 
represents one Dacus larva which would have consumed fruit tissue. 
Therefore the value for the mean number of adults/fruit was 
calculated using the total number of flies and wasps. This value 
gives a minimum estimate of the density of larvae per fruit. 
Nevertheless, the number of adults produced per fruit was often high. 
Fruits from different sites, and from the 3ame site, often varied 
considerably in size, and ranged between 20-70 g. About 70% of the 
fruit weight can be consumed by D.jarvisi larvae, thus the densities 
of larvae at most sites must have been well above 1.0 larvae/gm. 
Though I have no estimate of the variation between fruits in the 
densities of larvae it is probable that the density of larvae in some 
fruits was well above this mean density.
The percentage parasitism of larvae by Opius kraussi and Opius 
fijiensis were generally less than 2.0% (Table 10.1), but the
Table 10.1. The numbers of D.jarvisi which emerged from fruits of 
Planchonia careya collected in north Queensland in January 1982.
Collection
site
No.
fruits
%
inf.
No.
flies
No.Opius 
wasps
Total %p * Mean flies/ 
fruit
1 103 92.2 5119 119 5238 2.27 50.9
2 21 100.0 325 0 325 0.00 15.5
3 22 100.0 358 3 361 0.83 16.4
4 22 100.0 625 3 628 0.48 28.4
5 23 100.0 1226 0 1226 0.00 53.3
6 25 100.0 2607 36 2643 1.36 105.7
7 154 100.0 3950 2 3952 0.05 25.7
8 38 100.0 1928 118 2046 5.76 53.8
9 97 100.0 3134 6 3140 0.19 32.4
10 32 100.0 3034 45 3079 1.46 96.2
11 79 100.0 4231 7 4238 0.17 53.6
12 43 100.0 3306 87 3393 2.56 78.9
13 67 100.0 6291 115 6406 1.80 95.6
14 14 92.9 585 5 590 0.85 42.1
15 19 100.0 154 149 303 49.17 15.9
16 32 100.0 2753 12 2765 0.43 86.4
17 26 100.0 5526 3 5529 0.05 212.7
Totals 817 45,151
* Percentage parasitism of larvae.
Collection sites. 1- Centenary lakes, Cairns; 2- Crystal Cascades; 3- 
Clifton Beach (1); 4— Clifton beach (2); 5- North Yule Pt.; 6- Australian 
Bird Park; 7- 2km. sth. Ellis beach; 8- Ellis Beach; 9- 10km Nth. Ellis 
beach; 10- 10km. West Kuranda; 11- Northern Beaches; 12- Clifton Beach Rd. 
13- Machan & Holloway Beaches; 14- Stephen Ck, Ht. Surprise; 15- Normanton 
Rd. Porest Home; 16- 15km west Mt. Surprise; 17- Rodeo turnoff, Mt.
Surpise.
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distribution of parasites among sites was heterogeneous. Almost 50% 
of larvae were parasitised at one site (Normanton Rd. Forest Home), 
while parasites were completely absent from two sites. The percentage 
of larvae parasitised was not clearly related to the density of 
larvae/fruit (as indicated by the number of adults/fruit).
In Chapter 6, an account was given of the number of eggs laid in
a single oviposition by female D.jarvi3i in the laboratory. I
attempted to make similar measurements in the field by observing the
behaviour of ovipositing females (at the Clifton Beach Rd. site)
until they had completed egg laying. (Oviposition times are given
elsewhere, Chapter 4). Each fruit was collected, and the oviposition
site used by the female, immediately dissected and the number of eggs
counted. The remainder of the fruit was then dissected and the number
of eggs in other oviposition sites was also counted. Only seven
fruits were dissected however, because it soon became clear that the
females were laying in previously used punctures. Each oviposition
contained large numbers of eggs, considerably more than could have
been laid by the single female (Table 10.2). It seems clear that all
seven females had laid in punctures which already contained eggs. The
fibrous exocarp of Planchonia is difficult for female D.jarvisi to
penetrate and this may explain the aggegation of eggs into existing
punctures. Up to 212 unhatched eggs were found in a single puncture.
oSince eggs require only 45-48 hours to hatch at 25 , it seems that 
several females had infested the same fruit over a relatively brief 
period.
10.32 The response of wild D.jarvisi to cultivated fruits hung on 
fruiting Planchonia trees.
To determine whether wild female D.jarvisi would accept 
cultivated fruits in the presence of Planchonia fruits I suspended 
three apricots and three apples from fruiting Planchonia trees in the 
field. This was done at three sites where D.jarvisi females were 
active (Clifton Beach 2, Ellis beach, 10km Nth Ellis beach). Each 
fruit was suspended about 10-20cm from a Planchonia fruit. After four
days the fruits were collected, together with the Planchonia fruits
Table 10♦2. Numbers of eggs in oviposition sites in seven Planchonia 
fruits collected near Cairns in which female D.jarvisi were observed 
to lay in the field.
Pruit
No.
Wt.
(gms)
No. ovip. 
sites
No. eggs 
/ site
Total density 
(eggs/ gm)
1 45 1 212 4.7
2 30 1 68 2.3
3 35 3 62, 25, 70 4.5
4 35 2 98, 22 3.4
5 50 1 67 1.3
6 40 1 46 1.2
7 45 8 32, 32, 46, 67, 6.7
22, 12, 54, 36.
Table 10.3. Numbers of D.jarvisi 
exposed for four days on
adults reared from cultivated fruits 
fruiting Planchonia trees.
Site Species of 
fruit
No. fruits 
recovered
Total no. flies 
produced
Clifton Beach 2 Apple 2 0
Apricot 2 0
Planchonia 4 183 D. jarvisi
10km. North Apple 3 0
Ellis Beach Apricot 3 1 D.jarvisi
Planchonia 6 254 M
Ellis beach Apple 3 0
Apricot 2 0
Planchonia 5 185 D.jarvisi
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adjacent to each one, and placed in individual containers. Not all 
the cultivated fruits were recovered. Table 10.3 shows that only one 
adult D.jarvi3i was produced from the cultivated fruits whereas the 
Planchonia fruits were heavily infested. Apricots at least are known 
to be a suitable host for larvae of D.jarvisi (Chapter 2). The 
results suggest that very few eggs were laid in the cultivated fruits 
when Planchonia was available. As such they are in agreement with 
laboratory bioassays which showed that D.jarvisi has a strong 
preference for Planchonia fruits when available (Chapter 8).
10.33 Analysis of the distribution and abundance of species of Dacus 
in fruits of guava, a host for several species.
10.331 Numbers of flies per fruit and the dispersion of flies among 
fruits.
Tables 10.4 to 10.7 show collection sites, numbers of flies and 
composition of the Dacus fauna reared from fruits at each site.
Dacus were present at all sites in 1981 and all but three in 1982. 
There was considerable variation between sites in the proportion of 
fruits which was infested (from 20% to 100%) and in the number of 
adults produced per fruit. Tables 10.4 and 10.6 show the mean number 
of adults/infested fruit, since this more accurately reflects the 
density experienced by larvae in single fruits. Maximum mean 
densities of 37.7 and 20.4 adults per infested fruit were recorded in 
1981 and 1982 respectively. For 1982, this represents a density of 
0.72 adults/gm of fruit tissue. Moreover there was much variation 
between fruits within sites. Individual fruits produced as many as 65 
and 69 adult flies in the two seasons and the highest density 
recorded for a single fruit was 1.4 adults/gm. These values can be 
taken as minimum estimates of the density of larvae in fruits.
The dispersion of the numbers of flies per fruit (all species 
combined) was tested using the index of dispersion (Southwood 1978):
1= S2(n-1)/ m
2where S and "m" are the variance and mean number of flies per 
fruit (including uninfested fruits) and "n" is the number of fruits. 
The index is distributed approximately as chi-square with n-1 degrees
Table 10.4. Percent infestation, number of species and abundance of 
Dacus in collections of guavas from Cairns, March 1981.
Site No. % 
No. fruits inf.
Total
flies*
Mean adults Range 
/inf. fruit(SE)
No. Mean no. 
species sp/fruit (SE)
a) Large aggregations of guavas
1 16 93.8 133 8.8 (1.98) 1-29 4 1.8 (0.2)
2 10 100.0 144 14.4 (2.58) 4-32 4 2.1 (0.2)
3 19 73.7 144 10.4 (2.59) 1-32 4 1.6 (0.2)
4 13 84.6 149 13.5 (5.44) 1-65 3 1.6 (0.2)
5 10 70.0 146 20.9 (6.03) 3-45 3 1.4 (0.2)
6 11 90.9 305 30.5 (6.76) 1-64 4 1.9 (0.2)
7 10 100.0 244 24.4 (5.72) 4-55 4 1.9 (0.2)
8 10 80.0 87 10.9 (4.35) 1-39 4 2.0 (0.3)
9 10 40.0 112 28.0 (10.21) 5-52 2 1.3 (0.3)
10 10 40.0 40 10.0 (4.24) 2-14 3 1.5 (0.5)
11 10 80.0 47 5.9 (1.67) 1-15 3 1.8 (0.3)
b) Single trees in gardens or other vegetation.
12 7 - 48 6.9 - - 1 1.0 -
13 13 61.5 27 3.4 (0.86) 1-8 4 1.0 -
14 14 78.6 228 20.7 (3.35) 1-33 6 2.1 (0.4)
15 21 100.0 476 22.7 (3.68 ) 2-59 6 3.2 (0.3)
16 4 50.0 24 12.0 - 7-17 2 - -
17 8 — 4 — — - 2 - -
c) Single trees surrounded by sugar cane or grasses.
18 4 25.0 9 9.0 - - 1 1.0 -
19 9 44.4 10 2.5 (0.96) 1-5 2 1.0 -
20 9 44.4 66 16.5 (5.38 ) 6-30 1 1.0 -
21 9 88.9 179 22.4 (5.88 ) 7-55 2 1.1 (0.1)
22 10 20.0 27 9.0 (4.35) 1-16 1 1.0 -
23 14 21.4 113 37.7 (16.19) 7-62 2 1.3 (0.3)
*
*- includes total number of Opius wasps.
Sites. 1- Crystal Cascades(l), 2- Brinsmead(1), 3- Brinsmead(3 ),
4- Brinsmead(5), 5- Deeral(l), 6- Babinda(2), 7- Gordonvale Sth.(l), 8- 
Kerns, 9- Lake Barrine, 10- Babinda 15m Sth., 11- Babinda OR, 12- 
Brinsmead(2), 13- Goldsborough Rd.(2), 14- Nth. Mossman, 15- Port Douglas, 
16- Kuranda, 17- Atherton, 18- Goldsborough Rd.(l), 19- Deeral(2), 20- 
Babinda(l), 21-Gordonvale Sth.(2), 22- Gordonvale Sth.(3), 23- Babinda 5* 
Sth..
Table 10.5. The percentage of each of six species of Dacus in the total 
number of flies reared from guavas in 1981.
Site Mo. D.tryoni D.neo.
Species 
D.jarvisi
of Dacus 
D.kraussi D.musae D.brevia.
Total
flies
a ) Large 
1
aggregations of guavas.
3.1 18.3 1.5 77.1 127
2 14.6 43.1 36.8 5.6 - - 144
3 3.4 73.1 21.0 2.5 - - 119
4 48.6 32.6 18.8 - - - 144
5 3.2 58.5 - 38.7 - - 124
6 6.4 84.4 0.4 8.8 - - 250
7 26.5 37.0 32.8 3.8 - - 238
8 7.7 61.5 14.1 16.7 - - 78
9 86.7 - - 13.3 - - 112
10 37.5 15.0 47.5 - - - 40
11 — 70.2 17.0 12.8 — — 47
Mean 21.6 44.9 17.3 16.3 — —
b) Single 
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trees in gardens
100.0
or other vegetation.
_ _ 48
13 70.0 10.0 15.0 5.0 - - 20
14 4.2 16.4 63.6 3.3 11.2 1.4 214
15 21.6 31.7 15.7 2.0 26.7 2.2 451
16 29.2 70.9 - - - - 24
17 50.0 50.0 — — — - 4
Mean 29.2 46.5 15.7 1.7 6.3 0.6
c) Single trees surrounded by sugar cane or grasses.
18 - 100.0 - - - - 9
19 90.0 - 10.0 - - - 10
20 100.0 - - - - - 66
21 99.4 0.6 - - - - 179
22 100.0 - - - - - 37
23 99.1 0.9 — — - - 113
Mean 81.4 16.9 1.7 - - -
Mean overall 37.6 39.8 12.4 8.1 1.6 0.2
SE 8.0 7.0 3.5 3.5 1.2 0.1
Range 0-100 0-100 0-63.6 0-77.1 0-26.7 0-2.2
Table 10.6. Percent infestation, numbers of species and abundance of 
species of Dacus in collections from Cairns, March 1982.
Site 
no.
No. Mean % 
fruits wt.(g) inf.
Total
flies*
Mean
/inf
flies
fr.(SE) Range
Mean 
flies/g.
No.
Species
Mean 
sp/fruit
a ) Large 
1 20
aggregations of 
51.8 90.0
guavas
162 8.8 (1.6) 1-27 0.17 5 1.8(0.2)
2 20 64.8 60.0 38 3.2 (0.7) 1-9 0.05 2 1.1(0.1)
3 10 - 90.0 22 2.4 (0.5) 1-5 - 4 1.3(0.2)
4 10 66.3 70.0 20 2.9 (0.5) 1-4 0.04 2 1.3(0.2)
5 10 46.6 60.0 32 5.3 (1.3) 2-10 0.11 2 1.2(0.2)
6 10 44.5 70.0 47 6.7 (1.9) 1-15 0.15 3 1.2(0.2)
7 10 69.5 90.0 88 9.4 (3.1) 1-32 0.14 2 1.1(0.1)
8 12 — — 51 4.3 — — — 4 - -
b) Single 
9 10
trees
47.3
in gardens or other vegetation. 
60.0 25 4.0 (1.3) 1-8 0.08 2 1.2(0.2)
10 10 61.8 30.0 6 2.0 (0.6) 1-3 0.03 2 1.0 -
11 8 52.3 50.0 34 8.5 (3.8) 2-17 0.16 3 2.0(0.2)
12 10 57.6 100.0 136 13.6 (3.8) 2-42 0.24 3 1.8(0.5)
13 20 53.9 100.0 344 17.2 (3.3) 1-49 0.32 4 1.9( 0.2)
14 5 58.2 80.0 59 14.8 (9.8) 4-44 0.25 3 1.5(0.5)
15 20 58.3 80.0 331 20.7 (4.8) 1-69 0.72 6 1.8(0.2)
16 - - - 28 - - - - 3 -
17 10 69.5 70.0 41 5.9 (1.9) 1-13 0.08 1 -
18 10 62.1 90.0 154 16.9 (5.1) 7-47 0.27 4 2.0(0.2)
19 10 66.7 0.0 - - - - - 0 -
20 5 - - 45 9.0 - - - 3 -
21 10 — •> 2 wasps - — — — o - -
c) Single 
22 12
trees
62.5
surrounded by sugar cane or 
58.3 53 7.6 (2.4)
grasses
2-17 0.12 4 1.3(0.2)
23 10 73.8 40.0 21 5.3 (1.5) 2-9 0.07 2 1.0 -
24 10 67.4 70.0 38 5.4 (1.4) 1-12 0.08 2 1.2(0.2)
25 10 58.4 30.0 14 4.7 (1.3) 2-6 0.08 2 1.3(0.3)
26 10 62.3 10.0 4 4.0 - - - 1 1.0 -
27 10 52.6 0.0 - - - - - 0 -
28 10 41.1 10.0 7 7.0 - - 0.17 1 1.0 -
29 10 60.5 0.0 — — — — — 0 - -
* as in Table 10.4.
Sites. 1- Crystal Cascades(l), 2- Cascades(2), 3- Brinsmead(1), 4- Deeral(l), 
5— Deeral(2), 6- Gordonvale Sth.(l), 7- Johnstone R.(l), 8- Kamerunga,
9- Johnstone R.(2), 10- Mirriwinni, 11- Innisfail Garden(l), 12- Innisfail 
Garden(2), 13- Port Douglas, 14- Nth. Mossman, 15- Mossman Mill, 16- Mossman 
Town, 17- Atherton, 18- Kairi, 19- Irvines, 20- Lake Placid, 21- Cairns 
Garden, 22- Cascades(3), 23- Fishery Falls(l), 24- Fishery Falls(2), 25- 
Gordonvale Sth(2), 26- Russell R., 27- 5km Sth. Russell R., 28- Bramston 
Beach, 29- Malanda.
Table 10.7. The percentage of each of five species of Dacus in the total 
number of flies reared from guava at each site in 1982.
Site nos. as shown in table |q .6.
Species of Dacus Total
Site No. D.tryoni D.neo. D. jarvisi D.kraussi D.musae D.brevia flies
a ) Large aggregations of guavas.
1 0.8 37.8 3.4 46.2 10.9 - 119
2 - - 9.4 90.6 - - 32
3 10.5 42.1 26.3 21.1 - - 19
4 - 70.0 30.0 - - - 10
5 - 89.5 10.5 - - - 19
6 29.3 43.9 26.8 - - - 41
7 31.4 68.6 - - - - 51
8 5.4 59.5 2.7 — 32.4 - 37
Mean 9.7 51.4 13.6 19.7 5.4 _
b) Single 
9
trees in 
23.8
gardens
76.2
or other vegetation.
_ _ 22
10 - - 66.7 33.3 - - 6
11 52.8 40.9 6.3 - - - 127
12 76.7 13.3 10.0 - - - 30
13 4.2 65.4 29.4 - - 0.9 333
14 2.0 - 96.1 - 2.0 - 51
15 1.0 0.3 89.0 1.3 8.1 0.3 308
16 66.7 8.3 25.0 - - - 12
17 100.0 - - - - - 1
18 # 43.0 53.0 - 3.3 - - 151
20 45.0 45.0 10.0 — — — 20
Mean 37.7 27.5 30.2 3.4 0.9 0.1
c) Single 
22
23
24
25
26 
28
trees surrounded by 
20.0 47.5
90.5
89.5
21.4 
100.0
sugar cane 
10.0 
9.5
10.5
78.6
100.0
or grasses. 
22.5
-
40
21
38
14
4
7
Mean 23.6 37.9 34.8 3.8 -
Mean 25.4 37.6 26.0 8.7 2.1 0.04
(all sites)
SE 6.4 
Range 0-100
6.6
0-90.5
6.5
0-100.0
4.2 1.4 
0-90.6 0-32.4 0-0.9
#- and one D.mendosus
Table 10.8. The number of sites at which each species of Dacus was 
present, and the number of species per site, from collections of guava.
Species of Dacus.
D.try. D.neo. D. j arv. D.kraussi D.musae D.brev. D.mendosus
1981
Mb. sites 20 19 13 12 2 2 0
% of sites 
1982
87.0 82.6 56.5 52.2 8.7 8.7 0 . 0
Mb. sites 18 18 21 7 4 0 1
% of sites 62.1 62.1 72.4 24.1 13.8 0 .0 3.4
Number of species of Dacus 
0 1 2 3 4 5 6
Number of 1981 0 4 5 4 7 0 2
sites 1982 3 3 9 5 6 1 1
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of freedom. There was no evidence that the numbers of flies were 
uniformly distributed among fruits, even at sites where the numbers 
of flies per fruit was high. In 1981, the pattern of dispersion was 
contagious or clumped (variance/mean >1) at all but 2 sites where the 
index was not significantly different from a random distribution 
(variance/mean =1). However, as Elliot (1982) points out the 
dispersion may be non- random but this not be detected because of the 
lack of sensitivity of this test with small samples. Similarly in 
1982, the pattern of dispersion was apparently random at two sites 
but significantly clumped at the remainder. If the infested fruits 
are considered alone, the dispersion was still significantly 
contagious at all but 2 sites in 1981 and 6 sites in 1982. In fact 
there was a significant positive relationship between the mean number 
of adults/infested fruit and the ratio of variance/mean across sites 
(Fig. 10.2). That is, the distribution of flies among infested fruits 
became more patchy, rather than more uniform, as the density of 
flies/fruit increased. It is not possible to determine whether this 
reflects a non-random distribution of eggs by females in response to 
variation between fruits, or non-random survival of larvae.
10.332 Distribution of species of Dacus among sites.
A total of 7 species of Dacus were reared from guavas over the 
two seasons; D.tryoni, D.neohumeralis, D.jarvisi, D.kraussi, D.musae, 
D .breviaculeus and D.mendosus. Table 10.8 shows the number of sites 
at which each species occurred and the number of species per site.
D.tryoni, D.neo., and D.jarvisi were the most abundant species, each 
being present at over half the sites in the collections each year. 
Fruits from most sites produced 2-4 species in each year (Table 
10.8), with up to 6 species being recorded from a single site on 
three occasions.
D.kraussi was abundant at several sites but the other three 
species were restricted to few sites (Tables 10.5 & 10.7). D.musae, 
despite being a specialist on bananas, was recorded from guavas at 
four sites and provided up to 32.4% of the total flies at one of 
these. D .musae was present at Port Douglas and Nth. Mossman in 1981,
Table 10.9. Tests of independence, using the log-likelihood ratio, 
of the distribution among sites of pairs of species of Dacus reared
from guavas.
All values of G have 1 dof.
1981 1982
D .tryoni
D.jarvisi
D. neohumeralis D. neohumeralis
Present Absent Present Absent
Present 17 4 21 14 4 18
Absent 3 0 3 4 7 11
20 4 24 28 11 29
G=»l.286, NS G=3. 370, NS
D.neohumeralis D. neohumeralis
Present Absent Present Absent
Present 13 1 14 15 6 21
Absent 7 3 10 3 5 8
20 4 24 18 11 29
G=0.846, NS G=1.544, NS
D.tryoni
Present Absent
D.tryoni
Present Absent
Present
D.jarvisi
13 1 14
8 2 10
13 8 21
5 3 8Absent
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both of which were single trees in gardens. In 1982 it was again 
present at Nth. Mossman and also at Crystal Cascades, Kamerunga and 
Mossman Mill. Banana plantations were situated close by the first two 
of these.
As Tables 10.5 and 10.7 show there was much variation between 
sites in the composition of the Dacus fauna reared from guavas. For 
example, D.jarvisi made up a mean of 12.5% and 26.0% of flies from 
all sites for the two seasons. However, at some sites, D.jarvisi was 
the only species present, while it was completely absent from others. 
The same variability between sites is true of the other species.
If one species does influence the distribution and abundance of 
another one might expect that they would be segregated amongst sites. 
Alternatively there may be a negative relationship between the 
densities of each species across sites. The distribution of D.tryoni, 
D.neohumeralis and D.jarvisi relative to one another was analysed in 
two ways to examine these two possibilities. Firstly I tested, for 
each pair of species, whether the presence of one species was 
independent of the presence of the other using the G-test (Sokal & 
Rolhf 1969). There was no evidence of segregation among sites. On the 
contrary, the analyses showed that the presence of each species 
across sites was independent of the presence of the other two species 
in both seasons (Table 10.9).
Secondly I calculated partial correlations of the mean number of 
adults produced per fruit, for each pair of species across sites. The 
partial correlation coefficient gives the correlation between two 
species when their relationship to a third is held constant (Snedecor 
& Cochrane 1980). As such it was used to remove statistical effects 
of the third species on the association of the other two. In both 
seasons there was no relationship across sites between the density of 
D.jarvisi and that of the other two species (Table 10.10). Only one 
relationship was significant and this was a positive correlation 
between D.tryoni and D .neohumeralis in 1982. These analyses provided 
no evidence that the distribution or abundance of D.jarvisi among
sites was influenced by the presence of D .tryoni or D .neohumeralis.
Table 10.10, Partial correlation coefficients for the relationship 
between the mean numbers of adults/fruit for each pair of species
across sites.
1981 (n=23) D.tryoni D.jarvisi
D .neohumeralis -0.249 0.162
D. jarvisi 0.003
1982 (n=25) D .tryoni D.jarvisi
D.neohumeralis 0.499 * 0.074
D.jarvisi -0.174
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10.333 Distribution of species among fruits within sites.
Because fruits are discrete units of habitat for larvae it is 
possible that where adults of two or more species colonise a site 
their larvae may be segregated among fruits. Tables 10.4 and 10.6 
show that at many sites the mean number of species/fruit was greater 
than one. Table 10.11 shows the number of fruits at each site, which 
produced a particular number of species. Many fruits produced 2 or 3 
species of Dacus and up to five species were recorded from a single 
guava in 1981. The distribution of species among fruits was also 
tested using both presence/absence tests of independence and 
correlation as in section 10.332.
Because of the small sample sizes (<20 in most cases), I 
calculated exact probabilities for the distribution of each pair of 
species at each site using a one—tailed Fisher's exact test (Sokal & 
Rolhf 1969). Tests were done only where at least 5 individuals of 
each species were recorded. Details of all tests are given in App. 
Table 10.1. At no site was there significant segregation of species 
among fruits, but at one site (Port Douglas, 1982) D.jarvisi and 
D .neohumeralis occurred together in fruits more often than expected 
by chance (P=0.0352).
Two, or all three species, were sufficiently abundant at 15 
sites to allow analysis of the relationship between the numbers of 
each pair of species among fruits. Of the 33 partial correlation 
coefficients (Fig. 10.3), only 4 are significant, and all these are 
positive relationships. Densities of D.tryoni and D.neohumeralis were 
positively correlated at two sites, while D.jarvisi was positively 
associated with the other species at one site each. For the species 
pairs; D .jarvisi-D.tryoni and D.jarvisi-D.neo. there was no 
relationship between the magnitude of the partial correlation and the 
mean density of adults/fruit. However, for the pair, D.tryoni- 
D.neo., this relationship was positive (r=0.57, df=ll, p<0.05). That 
is, the densities of each species among fruits became more positively 
correlated as the overall abundance of flies increased. Again these 
analyses are not consistent with the hypothesis that these species
Table 10.11. Distribution of species of Dacus among infested guava 
fruits from each collection site. Table shows the number of fruits 
from each site which produced a particular number of species of
flies.
1981 No. fruits No. species No. fruits with a no. of species
Site no. present 0 1 2 3 4 5 6
1 16 4 1 7 5 2 1 0 0
2 10 4 0 2 5 3 0 0 0
3 19 4 5 6 6 1 0 0 0
4 13 3 2 5 6 0 0 0 0
5 10 3 3 4 3 0 0 0 0
6 11 4 1 2 7 1 0 0 0
7 10 4 0 2 4 4 0 0 0
8 10 4 2 3 2 3 0 0 - 0
9 10 2 6 3 1 0 0 0 0
10 10 3 6 3 0 1 0 0 0
11 10 3 2 4 2 2 0 0 0
13 13 4 7 6 0 0 0 0 0
14 14 6 3 5 2 3 0 0 0
15 21 6 0 2 3 7 6 3 0
19 9 2 5 4 0 0 0 0 0
20 9 1 5 4 0 0 0 0 0
21 10 2 1 8 1 0 0 0 0
22 10 1 7 3 0 0 0 0 0
23 14 2 11 2 1 0 0 0 0
1982 No. fruits No. species No. fruits with a no. of species
Site no. present 0 1 2 3 4 5
1 20 5 2 7 7 4 0 0
2 20 2 8 11 1 0 0 0
3 10 4 1 6 3 0 0 0
4 10 2 3 5 2 0 0 0
5 10 2 4 5 1 0 0 0
6 10 3 3 6 1 0 0 0
7 10 2 1 8 1 0 0 0
9 10 2 4 5 1 0 0 0
10 10 2 7 3 0 0 0 0
11 10 3 0 2 6 2 0 0
12 8 3 4 2 1 1 0 0
13 20 4 0 7 8 5 0 0
14 5 3 1 3 0 1 0 0
15 20 6 4 8 4 4 0 0
17 10 1 3 7 0 0 0 0
18 10 4 1 2 5 2 0 0
22 12 4 5 5 2 0 0 0
23 10 2 6 4 0 0 0 0
24 10 2 3 6 1 0 0 0
25 10 2 3 7 0 0 0 0
26 10 1 9 1 0 0 0 0
28 10 1 9 1 0 0 0 0
Figure 10.2. The relationship between the mean number of 
adult Dacus produced per infested fruit and the ratio of 
variance/ mean for collections of guavas, March 1981, 1982.
Figure 10.3. Partial correlation coefficients for the 
relationship between the densities of pairs of species of 
Dacus among fruits within collection sites. Only the four 
coefficients marked with * are significant (p<0.05).
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have a negative influence on one another's distribution and abundance 
in guavas.
10.334 Differences between years in the composition of the fauna at 
single sites.
Only ten sites were visited in both years. To compare the
composition of the Dacus community from these sites between years, I
used contingency table analysis to test the null hypothesis that "the
proportion of each species was the same in both years". Only 7 of the
sites produced sufficient flies in each year (more than ten flies) to
allow a valid statistical test. At 5 of these 7 sites there was a
highly significant difference between years in the proportions of
different species of Dacus (Fig. 10.4). Annual changes reflected both
appearances and disappearances of species from sites (eg. Cascades,
Nth. Mossman) and changes in the proportions of the same pool of
species. The Dacus fauna of the seventh site, not shown in the figure
2(Deeral 1), also differed significantly between years (x =41.62, 
p<0.005 ).
10.334 Comparisons between the numbers and species of Dacus present 
at isolated guava trees and trees in large aggregations.
Samples of guavas were collected from both large stands of 
guavas and from isolated trees some of which were surrounded by large 
expanses of sugar cane. Three categories of sites are indicated in 
Tables 10.4 and 10.6. Isolated trees in cane were at least 400 m. 
from closed vegetation or other guava trees. Single trees in other 
vegetation were mostly in suburban gardens, but some were adjacent to 
patches of rainforest. Large aggregations of guavas ranged from 
groups of five trees to stands covering several hectares.
There was considerable variation between the three classes of 
collection site in the proportion of fruits infested, the composition 
of the Dacus fauna and in the presence of parasites. A significantly 
lower proportion of the fruits from isolated trees were infested 
compared to those from the other types of site (Table 10.12).
Pigure 10.4. The relative frequencies of five species of 
Dacus at the same collection sites in 1981 and 1982. Por 
each species the left hand histogram is the % of total 
flies provided by that species in 1981, while the right 
hand histogram is for 1982.
T- D . tryoni, N- D .neohumeralis, J- D. jarvisi, K- D.Jcraussi, 
M- D . causae.
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Table 10.12. Comparisons of the levels of infestation of fruits and 
parasitism of Dacus larvae in guavas collected from three classes of
trees in the Cairns area.
Classification of tree
Year Parameter Isolated 
surrounded
trees 
by cane*
Single trees 
in gardens**
Large groups 
of trees
1981 No. of species 1.5 a 3.5 b 3.5 b
No. adults 
/fruit
16.2 a 13.1 a 16.2 a
% of fruits 
infested
40.7 a 72.5 b 77.5 b
% parasitism 
of larvae
0 . 0 a 5.9 b 6.2 b
1982 No. of species 1.5 a 2.8 a 3.0 a
No. adults 
/fruit
5.7 a 11.2 b 5.4 a
% fruits 
infested
27.5 a 60.0 b 77.1 a
% parasitism 
of larvae
3.1 a 22.4 b 28.6 b
Means followed by different letters are significantly different at 
P=0.05 * or grasses. ** trees in suburban gardens or adjacent to 
rainforest or other closed vegetation.
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However, in both years the number of adults produced per infested 
fruit from these trees was no different to that for fruits from large 
aggregations.
There were also fewer species of Dacus at isolated trees, though 
the difference between sites was significant only in 1981 (Table 
10.12). Usually there was only one species present or else one 
species was clearly dominant (Tables 10.5 & 10.7). In most cases this 
was either D .tryoni and D .neohumeralis. This observation suggests 
that isolated trees are less likely to be colonised by some species 
of Dacus. Figure 10.5(a) shows the average composition of the fly 
fauna at each type of site. In 1981, D ♦tryoni made up 90% or more of 
the flies at 5 of the 7 isolated sites. D.neohumeralis was the only 
species present at another, but D .neo. was more abundant in 
collections from large aggregations of guavas in both seasons (Fig. 
10.5). D.jarvisi was not present at any isolated site in 1981, while 
D.musae and D.kraussi were never recorded at isolated trees.
By contrast in 1982, D.jarvisi was present at several isolated 
trees (Table 10.7) and overall it made up 34.8% of the fauna at these 
sites (Table 10.7, Fig. 10.5a). For all sites combined, D.jarvisi 
provided 12.4% of the total flies in 1981, but this value increased 
to 26.0% in 1982 (Tables 10.5 & 10.7). As Figure 10.5a shows, much of 
this increase was due to the increased number of isolated trees at 
which it was present. It should be noted that the changes between 
years in the composition of the fauna at each type of site do not 
necessarily represent changes in the abundance of each species.
D.tryoni and D .neohumeralis were less abundant at both isolated and 
grouped trees in 1982 compared to 1981, while the abundance of 
D.jarvisi changed little (Fig. 10.5b).
10.336 Size of flies.
To determine whether larvae were overcrowded in fruits to the 
extent that the size of adult flies was influenced I calculated 
regressions of mean wing length against the number of adults (all 
species combined) produced from individual fruits. In 1981, the wing
Figure 10.5 A. Comparisons of the average proportion of the 
total flies and B. the mean abundance of each species of 
Dacus at isolated guava trees, single trees in gardens and 
large aggregations of trees.
T- D .tryoni, N- D.neohumera1is, J- D.jarvisi, X- 
D.Xraussi.
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length of all flies from a total of 82 guavas from 10 sites was 
measured. In 1982, I measured the wing length of flies from 96 fruits 
from 12 sites. As explained earlier (Chapter 6), the use of the 
number of adults produced from a fruit as an index of the density at 
which larvae had developed may be misleading, if larvae are so 
crowded that many of them die. However, high mortality of larvae was 
not observed in fruits from any site and in most cases only a small 
proportion of the guava tissue was consumed by Dacus larvae. A 
further source of bias may arise because I pooled the data on wing 
lengths over all species of Dacus. There are intrinsic differences in 
size and hence wing length between species (Chapter 4), but when 
reared at optimal densities all species have wing lengths within the 
range 6.2-6.5 mm. However, since the species were randomly 
distributed among fruits, the intrinsic differences between them 
should not mask any significant effect due to density.
In 1981, there was a significant negative relationship between
wing length and the number of adults/fruit at only 1 of the 10 sites
(Babinda(2) Site no.6; y= -O.Olx +6.36, F =7.16, p<0.05). When
1 , 6
fruits for all sites were combined there was a significant negative 
relationship overall (y= -O.Olx + 6.13, p<0.05, Fig. 10.6a), however 
only 7.4% of the variation in wing length was explained by adult 
density (r= -0.27). Wing length varied considerably for fruits which 
produced similar numbers of flies. Much of the variation may be 
explained by variation in fruit size which was not measured. Even so 
flies from some heavily infested fruits were as large as those from 
lightly infested ones.
In 1982, all fruits were weighed and wing length was regressed
against the number of adults produced per gram of fruit. Again only
one site had a significant negative relationship (Mossman Mill, Site
no.15, y= -1.09x +6.37, F, , =8.64, p<0.05). For all fruits1,14
combined, the relationship was again significantly negative (y= - 
0.72x + 6.25, p< 0.01, Fig. 10.6b), but again only 16.1% of the 
variation in wing length was explained by the regression (r= -0.40).
Figure 10.6. The relationship between density, as indicated 
by the number of adults/ fruit (1981) or the number of 
adults per gram (1982), and the wing length of adult Dacus 
in two seasons for all sites combined. Each point is the 
mean of from 4-60 flies (all species combined) reared from 
a single fruit.
21981(82 fruits, 10 sites )y=-0.0lx + 6.13, r^O.074, p<0.05. 
1982(96 fruits,12 sites)y*-0.72x +• 6.25,r =0.161, p<0.01.
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Size of D.jarvisi when alone and when sharing fruit with
other species.
To determine whether D.jarvisi adults were smaller when larvae 
developed in the presence of other species, I compared the mean wing 
length of D.jarvisi from fruits which produced this species only, 
with that of D.jarvisi from fruits which also produced other species; 
D .tryoni, D ,neo., D.kraussi, D.musae. To eliminate the effects on 
adult size of larval density per se, I first tested whether there was 
a significant relationship between D.jarvisi wing length and the 
total number of flies produced per fruit (1981 data) or per gram 
(1982 data). In 1981, there was a negative relationship between wing 
length and adult density for D.jarvisi from 23 fruits which produced 
mixed infestations (y= -O.Olx + 6.47, p<0.01). Data was available for 
only 6 fruits which produced D.jarvisi alone, but from Figure 10.7a, 
it seems clear that these points lie along a similar line as those 
for the mixed infestations. In 1982, there was no relationship 
between wing length and adult density for D.jarvisi when alone (14 
fruits) or mixed with other species (14 fruits) (Fig. 10.7b). ANOVA 
showed no difference in wing length of D.jarvisi from the two types 
of fruit (F^ ^^=0.14, NS). Thus in neither year was the size of 
adult D.jarvisi significantly influenced by the species composition 
of the larvae present in single fruits.
10.337 Parasitism by Opius wasp3.
Three species of parasitic Opius wasps were reared from the 
collections of guavas; Opius Jcraussi Fullaway, Opius fijiensis 
Fullaway and Opius oophilus Fullaway (identified by Dr.I.Naumann, 
CSIRO Entomology). The latter species is an egg parasite, while the 
other two parasitise first and second instar larvae. All bhree are 
solitary parasites. Table 10.13 summarises the incidence of parasites 
at each site in each season. Parasites were present at 10/23 (43.5%) 
sites in 1981 and 22/29 (75.9%) in 1982. There was much variation 
between sites in the percentage of larvae parasitised and the 
percentage of fruits which contained some parasitised larvae.
Pigure 10.7. The relationship between wing length of 
D.jarvi3i and the number of flies per fruit (1981) or per 
gram (1982), when alone (•) or in mixed infestations with 
other species (o ).
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Parasites were completely absent from all but one of the 15 
isolated trees (Table 10.13), but were equally abundant at single 
trees in gardens and at large aggregations of guavas. Within sites 
parasites were patchily distributed among fruits. While at some 
sites, a high proportion of the fruits (up to 86.0%) may produce 
parasites, the proportion of larvae parasitised was usually much 
lower (max. of 25.9% in 1981)..Parasites were apparently more 
abundant in 1982 at all but isolated trees and the percentage 
parasitism was considerably higher than the previous year (20.9% vs 
4.5% in 1981, Table 10.13). For example, fruits from one site 
(Atherton, Site 17) produced 1 D.tryoni and 40 Opius kraussi. It 
should be noted, however, that levels of parasitism may have been 
underestimated in both years because at the time of collection many 
fruits contained unhatched eggs and young larvae. A proportion of 
these would normally have been parasitised before completing 
development. Parasites are often observed searching and ovipositing 
in fallen fruits (pers.obs), whereas many of my collections were 
taken directly from the tree.
10.338 Stage of development of guava fruits chosen for oviposition
by female Dacus.
To determine the stage of ripeness at which guavas are accepted 
for oviposition by Dacus, I observed females at a single tree at Port 
Douglas. Females of four species were present. Fruits into which 
females were observed to oviposit were later weighed, measured and 
classified into three classes according to colour; green, 
green/yellow and yellow. Fruits were also allocated to six size 
classes, each of 5mm, covering the range from 26.Omm-55.0mm. Data 
were collected for a total of 24 fruits. Of these 8 were selected by 
D.jarvisi, 6 by D.tryoni, 8 by D.neohumeralis and 2 by D.musae. 
Characteristics of these fruits were compared with a random sample of 
77 fruits on 10 branches of the same tree.
Figure 10.8 shows the distribution of size classes and colours
of fruits available on the tree, and of those chosen for oviposition.
2Females did not oviposit at random with respect to size (%t^ =19.29,
Table 10.13. Percent parasitism of Dacus larvae by Opius wasps in guava 
collections from the Cairns area -1981, 1982.
Site numbers for each year do not correspond to the same sites.
1981 1982
Site No. % larvae % fruits with Site No. % larvae % fruits with
parasitised parasites parasitised parasites
a ) barge aggregations of guavas.
1 1.6 12.5 1 26.5 61.1
2 0.0 0.0 2 15.8 33.3
3 18.9 64.3 3 13.6 22.2
4 2.0 7.7 4 50.0 57.1
5 15.1 57.1 5 40.6 83.3
6 18.0 70.0 6 12.8 14.3
7 2.5 10.0 7 42.0 66.7
8 10.3 62.5 8 27.5 -
9 0.0 0.0
10 0.0 0.0
11 0.0 0.0
Mean 6.2 25.8 28.6 42.3
b) Single trees in gardens or other vegetation.
12 0.0 0.0 9 16.0 33.3
13 25.9 50.0 10 0.0 0.0
14 6.1 45.5 11 6.6 30.0
15 3.3 38.1 12 11.8 50.0
16 0.0 0.0 13 3.2 30.0
17 0.0 0.0 14 13.6 25.0
15 5.5 37 .5
16 57.0 -
17 97.6 85.7
18 1.9 22.2
19 0.0 0.0
20 55.6 -
21 * —
Mean 5.9 22.3 22.4 28 .5
c) Single trees surrounded by sugar cane or grasses.
18 0.0 0.0 22 24.5 28.6
19 0.0 0.0 23 0.0 0.0
20 0.0 0.0 24 0.0 0.0
21 0.0 0.0 25 0.0 0.0
22 0.0 0.0 26 0.0 0.0
23 0.0 0.0 27 0.0 0.0
28 0.0 0.0
29 0.0 0.0
Mean 0.0 0.0 3.1 3.6
Mean 4.5 18.2 20.9 30.9
(all sites)
SE 1.6 4.9
* 2 wasps produced only (100% parasitism ?).
Figure 10.8. A) Frequency distribution of the size and 
colour of guava fruits available on a single tree (n=77).
B) frequency distribution of the fruits chosen for 
oviposition by female Dacus (n=24). Fruits were classified 
into size classes by diameter and into three classes of 
colour; G- green, G/Y- green/yellow, Y- yellow.
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p<0.005) or colour (X =6.5, p<0.05). They avoided both small, 
immature fruits and large, mature ones. Twenty one of the observed 
ovipositions were into green fruits (87.5%), three occurred in 
yellow/green fruits but none occurred in yellow fruits, even though 
22% of the fruits on the tree were in this category.
These results could be explained by preferential responses to a 
particular stage of ripeness, determined by fruit chemistry or 
firmness. Alternatively, females may have avoided the large fruits 
because all of them contained hatched larvae (Chapter 9).
Nevertheless the results confirm that ray collection of mature yellow 
guavas from trees should not lead to underestimates of the number of 
adults produced per fruit or of the species composition of mixed 
infestations, since they should already contain all the eggs they are 
likely to receive.
10.339 Species of Dacus reared from guavas collected outside the main
fruiting season.
Small numbers of guavas may be present at some sites throughout 
the year, although the main fruiting season extends from March to May 
(around Cairns, Brian Watson, pers.comm.). Samples of guavas were 
collected outside this main season in November 1980 and January 1982. 
Significantly D.jarvisi was not recorded in any of these collections 
(Table 10.14), which coincided with the fruiting season of 
Planchonia. In fact the composition of the Dacus fauna reared from 
these collections differed markedly from that present during the main 
fruiting season. D.tryoni was the most abundant species at all sites. 
D.kraussi, which was abundant at Crystal Cascades in March 1981 and 
1982 (Tables 10.5 & 10.7), was not present in fruits at this site in 
November or January. Whether this absence coincided with utilisation 
of a preferred host by D.kraussi is not known.
2
Table 10.14. Species and numbers of Dacus reared from guavas 
collected outside the main fruiting season.
Date Site No .fruits Species & nos. of flies % of -total
Nov.’80 Brinsmead 6 134 D .tryoni 100.0
Crystal Cas. 4 62 D.tryoni 96.9
2 D .neohumeralis 3 .1
Sth. Johnstone 1 24 D.tryoni 100.0
Jan.'82 Brinsmead 24 28 D .tryoni 70.0
12 D.neohumeralis 30.0
Crystal Cas. 4 1 D .tryoni 100.0
Sth. Gordonvale 8 41 D.tryoni 93.2
2 D .neohumeralis 4.5
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10.34 Collections of other host fruits and analysis of host records 
of other workers to determine the seasonal occurrence of D.jarvisi
as a pest of cultivated fruits.
Cultivated and native hosts of a number of other species of 
Dacus were collected. Details of collections which produced 
D .jarvisi or D.tryoni are given in Table 10.15. Other collections are 
summarised in Appendix Table 10.2.
D .tryoni was the dominant species reared from cultivated fruils; 
peaches, mangoes, cashew apples and brazilian cherry (Eugenia 
uniflora) collected in November 1980 and January 1982 from areas near 
Brisbane, Rockhampton and Cairns (Table 10.15). D.jarvisi was not 
recorded from any of these hosts, all of which were collected at 
times when Planchonia was fruiting (Jan.) or almost mature (Nov.).
In November 1980, female Dacus were collected by sweep netting 
from peach, mango and cashew trees. Sweeps from one mango tree in 
Cairns produced 84 D .tryoni, 12 D .neohumeralis, 2 Rioxa pornia and 1 
D.jarvisi. Similar collections from one mango tree in Rockhampton 
produced 63 D.tryoni and 2 D .neohumeralis. Sweeps samples from peach 
trees at six sites in Brisbane and cashew trees in Cairns contained 
large numbers of D .tryoni and D .neohumeralis only.
Fruit of the introduced tree, Terminalia catappa, has been 
recorded as a host of D.jarvisi in Queensland (May 1953) and the 
Northern Territory (Fitt 1981a). This host was collected from Ellis 
Beach (nr. Cairns) in January 1982. Female D.jarvisi were active on 
Planchonia trees less than 10 metres away (Table 10.1), but a 
collection of 62 T .catappa fruits produced only D .tryoni and 
D.neohumeralis (Table 10.15). Significantly, females of neither of 
these species were observed on the Planchonia trees, and none were 
reared from Planchonia fruits. T.catappa fruits were collected from 
the same site and from Trinity Beach in March 1982, when Planchonia 
had finished fruiting. By contrast with January, D.jarvisi was the 
dominant species in both these collections (Table 10.15). D.jarvisi 
was also reared from fruits of Terminalia melanocarpa. Its appearance
Table 10.15. Species of Dacus reared from cultivated fruits which 
have been recorded as hosts for D.jarvisi.
Host fruit Site Date No.
fruits
Species & no. 
of flies
% of 
Total
No.
Wasps
Mango Cairns Nov'80 21 106 D.tryoni 93.0 5
(Mangifera indica ) 8 D .neo. 7.0
'* Rockhampton Nov1 80 11 582 D.tryoni 99.0 20
6 D.neo. 1.0
Peaches Brisbane Nov'80 108 1384 D.tryoni 99.1 267
(Prunus persica) (6 sites) 13 D .neo. 0.9
il Atherton Nov * 80 150 845 D.tryoni 100.0 190
(6 sites )
Cherry Atherton Nov•80 8 6 D.tryoni 100.0 6
guava
Brazilian Brisbane Nov * 80 Many 140 D.tryoni 77.8 8
cherry 40 D .neo. 22.2
(Eugenia uniflora)
Cashew Cairns Nov•80 25 130 D.tryoni 90.3 1
(Anacardium occidentale ) 14 D .neo. 9.7
Terminalia Ellis Jam ' 82 62 106 D.tryoni 61.3 0
cattapa Beach 67 D .neo. 38.7
i f Ellis March’82 20 7 D.tryoni 13.5 35
Beach 14 D .neo. 26.9
31 D.jarvisi 59.6
n Trinity March’82 26 10 D . neo . 7.5 48
Beach 123 D.jarvisi 92.5
Terminalia Trinity March’82 Many 21 D . neo . 87.5 15
melanocarpa Beach 3 D.jarvisi 12.5
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in these hosts coincided with its appearance in guava.
The collections discussed above cover only brief periods of the 
year at a few sites, but they suggest that D.jarvisi does not utilise 
introduced fruits at the times of year when Planchonia is fruiting.
D.jarvisi appeared in the alternative hosts, particularly guava, only 
late in the summer when Planchonia was no longer available. These 
results are in agreement with the host preferences of D.jarvisi 
discussed in Chapter 8.
To test the hypothesis "that D.jarvi3i is a pest of cultivated 
fruits only when Planchonia is not available” conclusively would 
require systematic collections of all potential hosts, from areas 
with and without Planchonia, over at least an entire season. This was 
not possible in the present study. There is, however, a large body of 
data contained in the card index of fruit collections made by A.W.S. 
May (held by Dept, of Primary Industries, Brisbane). These records 
summarise 1252 individual collections, of 322 species of fruit in 73 
plant families, spanning at least 30 years and formed the basis of 
May’s published host records of Queensland Dacinae (1953,1057,1960). 
Unfortunately the records contained no details of the numbers of 
fruit collected or the number of flies reared from each collection.
I examined and analysed these records, and those of Gibbs 
(1965), to determine the times of year when D.jarvisi was recorded 
from various native and cultivated fruits and to calculate an "index 
of association" between various species of Dacus and their hosts. 
Species of fruit collected only once or twice were excluded. The 
index was defined as:
the number of collections of a fruit which produced 
a particular species of Dacus
the total number of collections of that fruit
x 100%
The index is meaningful only if the collections were made at 
random. Bias could easily be introduced if fruits were only collected
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when they were obviously infested or if common hosts of particular 
flies were ignored once an association had been established. The 
first source of bias seems unlikely, since 43.5% of the 1252 
collections made by May, produced no flies at all, suggesting that 
fruits were collected without reference to the presence of larvae. A 
further objection to this index is that records which may represent 
only 1-2 flies reared from large numbers of fruit are given equal 
weight to those where large numbers of flies were reared. Thus I 
present these results only to indicate trends in the association of 
species with hosts.
Figure 10.9 shows the distribution of infestations by D.jarvisi 
in seven hosts over a year, based on my own collections (this 
chapter, Fitt 1981a) and those of May and Gibbs (1965). The figure 
indicates that most examples of D.jarvisi from cultivated fruits 
occurred after Planchonia had ceased fruiting, even though many of 
the hosts were available much earlier. D.jarvisi was present in all 
but one of the 58 collections of Planchonia (Table 10.16), but in 
only 8.5% of 305 collections of cultivated fruits (excluding guava). 
The association with guava was much higher (56.7%). However,
D.jarvisi was recorded from fruits other than Planchonia only late in 
the summer, from mid to late January onwards, even though these hosts 
were often available much earlier (Fig. 10.9). Most of the 
collections of Planchonia (92%) were made before the end of January 
and in most years this host is probably unavailable after this time.
The association of D.jarvisi with Planchonia is similar to that 
for other specialised species (Table 10.16), most of which were 
present in high a proportion of collections of their preferred hosts. 
By contrast, the pattern for D.tryoni and D.neohumeralis was more 
typical of generalist species. These species were recorded from 48 
native hosts (in May's card index), but adults were reared from only 
25.3% of the 368 collections of these fruits (for the purpose of 
these calculations, records for D .tryoni and D .neohumeralis were 
combined). Thus while D.tryoni infests a wide range of native hosts, 
it was not closely associated with any particular host. D .tryoni was
much more strongly associated with cultivated species of fruit.
Table 10,16. Occurrence of D.jarvisi and other species of Pacu3 in 
collections of particular host fruits.
* May's collections only. Records for D .tryoni also include D.neo.
A. Occurrence of D.jarvisi & D.tryoni in cultivated & native fruits.
Species 
of Dacus
Type of hosts No.
species
No.
collections
% association
D.tryoni Cultivated * 35 238 77.3
Guava 1 79 GOCO
Native * 48 368 25.3
D.jarvisi Cultivated 8 305 8.5
Guava 1 240 56.7
P .careya 1 58 98.3
B. Occurrence of specialised species in particular native hosts.
Species of Dacus Host species No. collections % association
D.fagraea Fagrea cambageana 9 100.0
D.bryoniae Bryonopsis laciniosa 35 60.0
D.aglaia Aglaia ferrugiana 12 100.0
D.bancroftii Cudrania javanensis 11 72.7
D.musae Musa banksii 16 100.0
D .cacuminatus Solanurn mauritianum 18 83.3
D.opiliae Opilia amentacea 83 96.4
D.calophylii Calophyllum inophyllum 8 75.0
Figure 10.9. The seasonal distribution of D.jarvisi in 
cultivated fruits relative to the fruiting season of 
Planchonia careya. Solid lines indicate the months covered 
by collections of each species of fruit. Broken lines show 
the collections which produced D.jarvisi.
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Collection records from specimens of D.jarvisi in the Australian 
National Insect Collection (CSIRO Canberra) and at DPI (Brisbane) 
also showed that this species was usually reared from cultivated 
hosts after the fruiting season of Planchonia. Nine collections from 
guava (total of 52 specimens) were recorded from early March to 
April. Three collections from mangoes (8 specimens) occurred in late 
January or February and collections from orange (3 specimens), 
persimmon (4 specimens) and pears (4 specimens) were all recorded in 
late February or March.
10.4 Discussion.
10.41 Distribution of Species among and within sites.
Dacus larvae were present in fruit at most guava trees.
D.jarvisi occurred together with other species at many of them and 
several species often occurred together in the same fruit. However, 
the analyses provided no evidence that the presence of D.tryoni or 
D.neohumeralis adversely influenced the distribution or abundance of 
D.jarvisi among sites, or within sites. As such, the field data was 
consistent with the results of field cage experiments, described in 
Chapter 6, which showed that D.tryoni did not influence the 
reproductive success of female D.jarvisi when they occurred together. 
In most cases the occurrence of each species was independent of the 
presence of others, but in a few instances the densities of pairs of 
species were positively correlated.
With the exception of a few sites, there was little evidence 
that fruit was in short supply. At most sites, a high proportion of 
fruits, but not all, were infested but the numbers of adults produced 
by individual fruits were usually well below the carrying capacity. 
Despite the significant negative correlation between adult numbers 
and size, density explained little of the variance in size, and it 
seems that larvae in most fruits at most sites did not suffer from a 
shortage of food. Gibbs (1965) came to a similar conclusion from 
extensive collections of fruits in Rockhampton, and Bateman (1968)
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found that the abundance of a southern population of D .tryoni was not 
limited by a shortage of fruit. Certainly it is true that the mean 
density of flies produced per fruit was high at some sites, but even 
here only some of the fruits were so heavily infested that larvae did 
not develop to normal size. Adult flies were not obvious at many 
sites and, even where they were abundant, the levels of direct 
interference between them was low (Chapter 6).
As with many other studies of the dispersion of insects among 
units of habitat (Southwood 1978), the dispersion of Dacus 
individuals among fruits within sites was highly clumped. Flies 
were randomly dispersed only at low densities, where the probability 
of individuals occurring in any fruit were low. This trend of random 
dispersion at low densities and contagious dispersion at higher 
densities is common in many insects (Southwood 1978). That flies were 
not uniformly distributed among fruits, as occurs in some other 
Tephritids (Chapter 9), is consistent with the lack of an oviposition 
marking pheromone in these flies. The clumped distribution of adults 
among fruits may be due to non-random patterns of oviposition in 
response to variation between fruits, or to non-random patterns of 
survival of larvae in different fruits. The number of eggs laid into 
a fruit may be influenced both by the number of females present and 
by the length of time that the fruit provides positive stimuli for 
oviposition. This period may be as brief as three to four days 
because of the deterrent effect of developing larvae (Chapter 9) and 
as a result, fruits may rarely be overcrowded, unless females are 
especially numerous.
The most conspicuous feature of the results was the variability 
between sites in the abundance of flies and the composition of the 
Dacus fauna. Different species of Dacus dominated the composition of 
progeny at different sites. At two sites the relative abundance of 
species was similar in both years, but at the other sites visited in 
both seasons, the species composition showed significant variation. 
Despite the higher fecundity of D .tryoni (and probably D.neo. ) 
(Chapter 4), relative to other species of Dacus, it did not dominate
all sites and did not exclude other species. The most likely
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explanation for this variation between sites is that the species 
composition at any site is a random sample from a pool of potential 
colonisers which differ in their dispersive abilities and hence in 
their ability to colonise patches. Stochastic events during 
colonisation and intrinsic differences in fecundity between species 
probably determine the species composition of progeny at each site.
D .jarvisi, D .tryoni and D.neo. occurred at about the same number of 
sites in each season, whereas the other species were restricted to 
somewhat fewer sites. This may indicate that these species have 
similar powers of dispersal. However, the probability that a species 
will occur at a site is not dependent solely on dispersive ability, 
but also on the size of the dispersing population and the preferences 
of each species for particular habitats through which to disperse.
For example, some species may not disperse readily across open ground 
(see later).
Patches of host plants can be considered as islands for Dacus 
populations. However, in contrast to real islands each patch is 
ephemeral and must be colonised anew each fruiting season. 
Colonisation of patches of habitat by insects has attracted 
considerable attention, particularly in relation to the factors which 
determine the order of arrival of species and the combinations of 
species which occur together. Simberloff (1978a) examined many 
patterns of distribution of plants and animals among ’islands" (real 
islands or habitat patches) and concluded that a purely stochastic 
model, which considers only the properties of individual species, 
could account for many of these patterns. He found little evidence, 
from studies of insect colonisation of mangrove islands, that 
interspecific competition was involved. I argue similarly for Dacus 
that the structure of the communities at a site "are reflections only 
of chance dispersal and the populations dynamic characteristics of 
the species in the pool” (Simberloff 1978a, p.717), which differ in 
their ability to colonise sites. A number of other studies, based on 
patterns in the distribution and abundance of insects, have found 
little evidence that interspecific competition was an important 
process determining the structure of the communities (Miller 1980; 
Rathke 1976; Strong 1981,1982a; Beaver 1977; den Boer 1980; Lawton &
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Strong 1981) though there is some evidence from ants (Birch 1979) and 
centipedes (Simberloff 1978b).
Even though the species composition of Dacus at a site is 
probably determined by variation in recruitment, the relative 
proportions of species in the progeny reared from fruits cannot be 
taken to indicate the relative proportions of adults which colonised 
each site. For example, a ratio of 2 D .tryoni : 1 D.jarvisi in 
progeny reared from a sample of fruit does not indicate a ratio of 
2:1 in the original adult population because the species are not 
equally fecund and may not colonise the site simultaneously. Gibbs 
(1965) tested whether D.tryoni and D.neo. influenced one another's 
abundance by comparing the relative abundance of each species in 
sweep samples of adults and in progeny reared from the same tree. He 
found no significant difference between the two estimates, however, 
this is not an appropriate test for species which differ widely in 
fecundity. Furthermore this approach is valid, only if it is assumed 
that the number of species and their abundance at each site does not 
change over time. As I have shown, guavas are infested by Dacus 
several days before they are mature and are likely to be collected. 
For most sites, particularly those in large aggregations, it seems 
unlikely that the identity and abundance of Dacus at a site when the 
fruits are collected, would be the same as that when the fruits were 
infested. The extent to which female Dacus in natural communities 
move between trees within patches is not known but Sonleitner & 
Bateman (1967) describe much movement among trees within an orchard 
in response to the changing abundance and maturity of fruit on 
individual trees. Studies with R.pomonella (Roitberg et al 1982) have 
identified several factors, related to the density and infestation of 
host fruits, which influence movement of that species between trees. 
Similar studies with species of Dacus are required. My collections of 
guavas give only an instantaneous assessment of the composition of 
the Dacus fauna at each site and allow no assessment of the level of 
temporal variation within sites over a fruiting season. Clearly a 
long term study of the dynamics of the Dacus fauna in guava, over an 
entire season, would be valuable.
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Apart from the study of Gibbs (1965), there have been few 
quantitative studies of tephritids which utilise the same host 
resources. The most widely quoted example of competitive exclusion 
among Tephritids is the apparent exclusion of C .capitata by 
D .dorsalis from lowland areas in Hawaii (Bess 1953, Keiser et al 
1974). Changes in the abundance of C .capitata in lowland areas were 
first noted from changing patterns of fruit infestation but later 
experimental work suggested a possible mechanism for the exclusion 
(Keiser et al 1974). This example has been discussed in Chapter 5.
In another example, Pavan and Sousa (1979) present data on the 
relative frequencies of C .capitata and Anastrepha frafcerculus in 
fruit crops in Brazil over three seasons. They interpret seasonal 
changes in the relative frequencies of each species as evidence for 
competitive replacement of one species by the other at certain times 
of year. Unfortunately they give little information on the actual 
abundance of each species. The pattern they observe could also occur 
if the abundance of one species remained constant throughout the 
year, while the abundance of the other species fluctuated.
A.fraterculus and C .capitata may well influence one another, but as 
presented Pavan & Sousa’s data provides no evidence for competition 
between them.
10.42 Effect of patch 3ize and isolation on recruitment of
species of Dacus.
Studies of colonisation of host plant "islands" by insects, by 
Simberloff & Wilson (1969) and Simberloff (1974,1976) have 
demonstrated the effect of island size and distance from source areas 
on rates of colonisation. The influence of the size of host patches 
on the diversity of insect communities has since been examined for 
several species of plant in both agricultural (Cromartie 1975, Root 
1973), and natural communities (Lawton 1978, Raup & Denno 1975). 
However, patch size is just one factor which may influence the 
diversity and abundance of insects at a given site. Other studies 
have shown the influence of local plant diversity (Tahvanainen & Root 
1972; Root 1973; Bach 1980) and plant density (Ralph 1977, Thompson &
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Price 1977) on the local abundance of herbivorous insects. Both the 
size and distance between patches of fruiting host trees may 
influence their probability of colonistaion by Dacus. Little is known 
at present of the cues used by dispersing females to locate host 
trees. They may use visual or olfactory cues from the foliage or 
fruit (Chapter 8), but such cues are likely to allow orientation to 
hosts only on the local scale of tens of metres. Arrival at a tree 
may be a passive process with host recognition occurring only after 
landing, in response to contact chemosensory cues. If a dispersing 
population was essentially diffusing through a local area then larger 
patches should accumulate more individuals and more species. It seems 
unlikely, however, that Dacus move freely through all types of 
habitat, particularly areas devoid of trees.
One factor which did influence both the number and identity of 
species present at guava trees was their degree of isolation from 
other guavas and from other vegetation suitable for movement of 
Dacus. Isolated guavas had fewer species of Dacus and a lower 
proportion of fruit infested. The number of adults produced from some 
of the isolated trees could well be the progeny of only one or two 
females which happened to colonise them. That D .tryoni dominated the 
Dacus guild at isolated trees suggests that this species may disperse 
more widely than other species and/or is less restrictive about the 
types of habitat through which it will disperse. The observation of 
Gibbs (1965) that D.neo. prefers more sheltered habitats than 
D.tryoni, is consistent with its absence from many of the isolated 
trees. The case of D.jarvisi is less clear. Planchonia occurs in open 
woodland and D.jarvisi might be classified, along with D.tryoni, as 
an "open country" species as distinct from species which appear to be 
essentially restricted to closed forest habitats (eg. D.endiandrae). 
An additional factor which may explain the apparently lower abundance 
of flies at these sites, is that they may be colonised by immature, 
unmated females which are then unable to locate a mate. Fletcher 
(1973, 1974a) has shown for D.tryoni that most females disperse when 
immature. Females which colonise large aggregations may be more 
likely to encounter a mating swarm of males (Tychsen 1977) in the 
same patch.
The probability that a particular species of Dacus will locate a
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patch of guava will also depend on the sensory specificity of the 
species. D.tryoni has a generalist host selection mechanism and is 
probably responsive to a variety of plant chemicals. It may therefore 
locate guava by olfaction. However, it seems unlikely that a species, 
such as D .musae with a host selection mechanism attuned to bananas, 
would respond to guavas from a distance. D .musae may arrive at guava 
trees purely by chance. Thus because of differences in sensory 
specialisations, D .tryoni and perhaps D.jarvisi, may actively respond 
to cues from guavas, whereas species specialised on other hosts may 
locate them by chance. The same would be true for other fruits.
Patch size as such, although not quantified, seemed to have 
little influence on the numbers or identity of species at each site. 
Single trees in gardens had as many species and a similar species 
composition to trees in large aggregations. The sites with 6 species 
of Dacus were both single trees, one in a suburban gardens and one 
(Nth. Mossman) in a garden surrounded on four sides by sugar cane. 
This site was at least 500m from the nearest closed vegetation and 
the presence of D.musae, D.kraussi and D .breviaculeus was surprising. 
Perhaps immature females had dispersed into this garden and had 
infested the guavas, when no more suitable hosts could be found.
A further factor, not measured here, which may influence 
patterns of colonisation and movement of Dacus is the density of 
fruit within patches. Fletcher (1973,1974a) and Bateman (1976) have 
suggested that D .tryoni emigrate from areas in response to a 
declining abundance of fruit. Bateman & Sonleitner (1967) also showed 
that females moved within an orchard in response to the ripening of 
different hosts. However it is not known whether the immigration of 
flies into a patch is related to the abundance of fruit in that 
patch. Such a pattern could occur if patches with a high density of 
fruit were more apparent to dispersing females, or if females remain 
in these patches for longer periods after arrival (Roitberg et al 
1982, Roitberg & Prokopy 1982). Colonisation of host plants in 
relation to patch quality has been examined experimentally by Kareiva 
(1982b). He showed, for flea beetles, that an increase in the 
distance between patches of crucifers caused the distribution of 
insects to become more random with respect to patch quality. Their 
ability to respond to heterogeniety between patches changed as plant
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dispersion changed. The spatial scales at which distances between 
patches begin to influence discriminatory behaviour of insects will 
depend on the range of trivial movement of the insect concerned.
Dacus are capable of wide dispersal, but after arriving at a site the 
range of trivial movement of mature females in response to local 
variation in host quality may be limited to a few trees.
Spatial variation in percentage parasitism by Opius was also 
related to isolation of guava trees. Parasitic Opius may lack the 
ability to colonise isolated trees, but in one season they were also 
absent from several trees which were not isolated. The proportion of 
larvae parasitised when Opius locate a patch will be a function both 
of the number of parasites which arrive and their fecundity, and also 
of the synchrony of their arrival relative to the development of 
larvae. The appropriate stages of development for parasitisation may 
be available only briefly (particularly for egg parasites). Fruit 
size and the tendency of larvae to move away from the surface of some 
fruits (Bower 1975), possibly an adaptation to avoid parasites, will 
also limit the proportion of the larval population available to the 
parasites. Levels of parasitism in several native fruits were highly 
variable, often quite high, and at least partly related to the size 
of the fruit. However thickness of the flesh, rather than size of 
fruit per se, is likely to be more important. Whether the species of 
Opius which colonise guava trees oviposit indiscrimately in larvae or 
eggs of different species of Dacus is not known. Nevertheless the 
results show that, in some years, parasites may remove a significant 
proportion of the larval population when they are able to colonise a 
site.
10.43. Seasonal occurrence of D.jarvisi in cultivated fruits.
My collections of host fruits and the analysis of previous 
collections are in agreement with the hypothesis that the main 
occurrence of D ,jarvisi in cultivated fruits is outside the fruiting 
season of Planchonia. That D.jarvisi apparently ignored cultivated 
fruits exposed on Planchonia trees in the field is consistent with 
this hypothesis and strongly confirmed the preference behaviour of 
this species in the laboratory (Chapter 8). D.jarvisi was closely
associated with Planchonia wherever it occurred and had exclusive use
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of this host. There seems little doubt that infestations of 
Planchonia account for most of the increase in populations of 
D.jarvisi each year. The abundance of Planchonia and the high levels 
of infestation by D.jarvisi suggest that there will be a large 
population of D .jarvisi dispersing in search of hosts in the late 
summer. Although D.jarvisi did appear in guavas and some other fruits 
at this time, it is my impression that this behaviour characterises 
only a small proportion of the population of D.jarvisi produced from 
Planchonia. The behaviour of the bulk of the population is unknown.
However, D,jarvisi has on occasion been recorded from cultivated 
fruits (eg. mangoes, May 1953, Allwood & Angeles 1979) at times which 
overlap with the fruiting season of Planchonia. These infestations 
usually involve small numbers of individuals which infest only a 
small proportion of the fruit crop. Each instance would need to be 
investigated separately with reference to spatial and temporal 
variation in availability of Planchonia in the immediate area. The 
infestations may be explained by the dispersal of a small number of 
individuals into urban areas where they mature and infest backyard 
fruits when unable to locate Planchonia. For example, in 1981 the 
flowering of Planchonia in areas near Rockhampton was disrupted by 
storms and no fruit was set until late in the summer. Perhaps at this 
time there may have been an increase in the abundance of D.jarvisi in 
mangoes or other cultivated fruits. My own impression was that 
D.jarvisi was not a major pest of mangoes in Darwin (Fitt 1981) and 
my few observations of this fruit in Rockhampton and Cairns indicate 
that this fruit is rarely heavily infested by any species of Dacus.
It is unfortunate that the present status of D.jarvisi as a pest 
of cultivated fruits is not known. Systematic records of the identity 
of Dacus infesting commercial fruits are not maintained by government 
authorities and we can rely only on collections made by May twenty 
years ago. Furthermore the host relations of D.jarvisi from about 
April to October are largely unknown, apart from isolated records of 
infestations of unseasonal Planchonia fruits (Fitt 1981a). This at 
least indicates that a reproductive population is present during the 
dry season in Northern Australia. D .jarvisi occurs rarely in guavas 
after March/April and none of its native hosts span this period of 
the year.
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Chapter 11. Conclusions.
The experiments described in this thesis indicate that 
D.jarvisi has both the behavioural and physiological potential to 
infest and develop in a wide variety of cultivated fruits. There 
appear to be no biochemical or nutritional barriers to the 
colonisation of cultivated fruits by this species. The factors 
limiting the abundance of D.jarvisi in cultivated fruits are not 
related to physiological or nutritional specialisations of larvae. 
Indeed cultivated fruits are also suitable for the development of 
larvae of several more specialised species, possibly because they 
contain fewer or less toxic chemical defenses against phytophagous 
insects than do native fruits. In this respect, many species of 
Dacus have the potential to infest cultivated fruits. Native fruits 
probably contain a variety of chemical toxins, tannins and other 
defenses which are unique to each species and which require specific 
adaptations on the part of the insect to detoxify or otherwise avoid. 
A species of Dacus may thus be forced to specialise in order to 
utilise many of these native fruits. Indeed it is unusual to find 
more than one species of Dacus associated with native hosts (May 
1953, 1957, 1960, Fitt 1981a).
The ability of many species of Dacus to develop in cultivated 
fruits, is also not constrained by specific associations with 
symbiotic microorganisms, despite the consistent presence of bacteria 
in all stages of the life cycle. Furthermore, interactions between 
bacteria associated with the larvae of different species of Dacus are 
unlikely to determine whether one species may influence the growth or 
survival of another. Nevertheless bacteria themselves, or their 
products, were found to have a role in the nutrition of larvae. The 
nature of this relationship remains obscure and further study is 
warranted.
For many of the specialised species the major proximate factor 
limiting their utilisation of commercial fruit is their intrinsic 
behavioural preference for particular hosts. These preferences 
probably reflect responses to specific host chemicals. Although I
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assayed only the final phase of the host-selection process, namely 
short range orientation and acceptance of fruits, it seems quite 
likely that these species also respond to specific cues from their 
hosts over longer distances. Consequently they would not normally 
encounter cultivated fruiting trees. Even if they do arrive at a 
cultivated tree they may not be stimulated to oviposit in the fruits. 
In contrast to the specialists, the more generalised species, such as 
D.tryoni and D.jarvisi, may colonise trees in response to non­
specific cues, and so alight on trees of many species, and then 
respond positively or negatively to chemical or physical cues from 
the fruits. Thus they would sample a wider range of the fruits 
available in a habitat. D.jarvisi is not strictly host-specific, in 
the sense of the specialised species. It accepts many fruits for 
oviposition. However, its strong genetically based preference for the 
native fruit, Planchonia careya, is the main proximate factor 
limiting its abundance in cultivated fruits early in the summer.
While we know that D .jarvi3i accepts these cultivated fruits for 
oviposition, we do not know if they are attracted to these fruiting 
trees. If females arrive at trees largely at random in response to 
generalised cues common to many plants then the probability of 
D.jarvisi colonising cultivated trees may be related simply to the 
size of the dispersing population. At the time of year when 
Planchonia is fruiting, interactions between D.jarvisi and D .tryoni 
either do not occur at all or only rarely. D.jarvisi is able to 
utilise Planchonia without interference from other species. Yet the 
readiness with which D.jarvisi accepts other fruits, in the absence 
of Planchonia, indicates that gravid females which move into urban 
areas may often infest whatever fruits are available there, thus 
explaining the few records of this fly from early summer fruits.
In the light of the preference of D.jarvisi for Planchonia, the 
suggestion that D.jarvisi would become an economic pest of cultivated 
fruits in the absence of D.tryoni can be resolved into two 
propositions as follows:
1. In the absence of D.tryoni, D.jarvisi would retain its preference 
for Planchonia and so remain rare in early to mid-summer fruits, but
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would become more abundant in the late summer fruits in which it is 
found at present.
2. In the absence of D.tryoni, selection pressures favouring the 
preference for Planchonia may be weakened and so strains of 
D.jarvisi may develop which readily utilise cultivated fruits 
throughout the entire season. D.jarvisi would then become a pest at 
all times of year.
On the basis of the work presented here it is not possible to 
adequately comment on the second of these propositions. The selective 
pressures maintaining the preference for Planchonia are unknown, 
though it seems unlikely that D .tryoni has anything to do with it. It 
is impossible to predict whether strains of D.jarvisi lacking the 
preference may arise whether D .tryoni is present or not.
As for the first proposition it may well be argued that in the 
absence of D.tryoni the absolute amount of fruit available to 
D.jarvisi (or other species) would increase and so it may become more 
abundant. However this is possible only if:
a) D.jarvisi colonises more patches and infests more fruits in each 
patch or
b) females locate as many patches as now, but individually produce 
more progeny.
There is little suggestion that D.tryoni can influence the 
number of patches located by D.jarvisi. This will depend only on the 
foraging behaviour and abundance of that species. Furthermore ray 
experimental results did not suggest that D.tryoni will influence the 
ability of D.jarvisi to successfully colonise a patch once it has 
been located, nor did they provide any evidence that D.tryoni will 
influence the number of progeny produced per female D.jarvisi when 
they colonise a patch at about the same time. Because the resources 
used by these flies occur as ephemeral patches, the rate of increase 
of each species will depend on the number of patches colonised, the
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order of their arrival at patches and the rate at which fruits can be 
infested. Because young larvae may survive poorly in fruits 
containing older larvae and because ovipositing females discriminate 
against such fruits, the species which has first access to ripening 
fruits may reduce the amount of fruit available for other species. In 
all these respects, D.tryoni would seem to have an advantage over 
D.jarvisi because of its higher fecundity and vagility. At present 
there is no data on the order of arrival of species at patches, nor 
on the degree to which females move between trees within patches or 
between patches during the fruiting season. These questions could be 
investigated by long term field studies. However, ray collections of 
guavas showed that D.jarvisi locates about as many patches (of guavas 
at least) as D .tryoni and the patterns of distribution and abundance 
within and between patches did not suggest that one species 
influenced the other. It seems likely that at some patches D.tryoni 
arrived first while at others D.jarvisi arrived first. Each species 
appeared to colonise trees at random with respect to the presence of 
other species. There presence at a tree being limited only by their 
intrinsic capacity to locate and accept the fruit. There was also 
little evidence from these collections that the fruit at most patches 
was fully utilised and fruit as food for larvae did not appear to be 
the main factor limiting the abundance of these flies. Pruit as 
oviposition sites for females may become limiting before larvae 
suffer a shortage of food. This does not deny that at some sites or 
in some years larvae may be overcrowded, but the variance between 
patches means that one species of Dacus is unlikely to be able to 
exclude others over wide areas.
Although the absolute abundance of fruit available to D.jarvisi 
would increase in the absence of D.tryoni, it would not necessarily 
become more abundant, unless it was able to utilise a greater 
proportion of the ephemeral resource. In the experiments in large 
field cages, the ability of D.jarvisi to infest fruits was not 
influenced by the presence of D.tryoni, but was limited more by its 
relatively lower fecundity and inability to infest all the available 
fruits in the time available before they were removed or ripened and 
fell.
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In view of the abundance and wide distribution of Planchonia, 
the abundance of D.jarvisi in cultivated fruits may be related more 
to the fruiting season and abundance of this host than to the 
presence of D.tryoni. The numbers of D.jarvisi seeking hosts late in 
the summer will be related to the size of the Planchonia crop that 
year. In years when the crop of Planchonia fails in a local area,
D.jarvisi may be abundant in early summer crops because most females 
cannot locate their preferred host. In years when Planchonia fruit is 
abundant, D.jarvisi should be rare in early summer fruits, but may be 
extremely abundant in late summer fruits because the large population 
which developed in Planchonia will be seeking hosts. Indeed it seems 
that the ability of D.jarvisi to colonise and utilise a large 
proportion of the guava crop in the presence of D.tryoni is due to 
its exclusive access to an abundant host which allows it to develop 
large populations each year. Thus it is already extremely abundant at 
the time of year when hosts are shared with D .tryoni. Without this 
"refuge”, D.jarvisi may well remain a rare species, as it appears to 
be in NSW.
D.jarvi3i also occurs in north-western Australia where it has 
been recorded from some commercial fruits, though the level of 
infestation is sporadic and insignificant even though D .tryoni is not 
present. It is tempting to relate the rarity of D.jarvisi in 
commercial fruits in this area with its rarity in Queensland to 
support the argument that D .tryoni has little influence on the 
abundance of D.jarvisi in these fruits. However, this comparison is 
not strictly valid because of the differences in the history and 
magnitude of fruit growing in the two areas.
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Appendices.
The Appendix tables are tabulated according to the chapter to 
which-they refer, eg. App. Table 7.2 deals with data from Chapter 7. 
Most analyses axe orthogonal two and three factor, or nested.
Analyses of variance. Prior to any ANOVA, a Cochrane's test was used 
to test for homogeneity of variances among cells. Where this value 
was significant an appropriate transformation was applied to the 
data. The calculated value of Cochrane's "C", with appropriate degess 
of freedom is given above each analysis.
Appropriate mean squares for the various ANOVA models and
combinations of fixed and random factors were determined according to
the procedures of Scheffe (A.J.Underwood pers. comm). Nested factors
are indicated as A , meaning factor B nested in factor A. Where(B )
fixed and random factors are present in the same analysis they are
indicated by (F ) or (R) after the name of the factor. Unless so
indicated all factors are fixed.
Levels of significance for all analyses are indicated by 
asterisks; * - p<0.05, ** - p<0.01, *** - p<0.005.
Appendix Table 2.1. Artificial diet used in laboratory rearing of
species of Dacus.
Eggs were collected from cages of flies using oviposition 
devices baited with appropriate fruits or else with hollowed domes of 
fruit. Eggs were removed with a moist camel hair brush and spread 
onto squares of moistened filter paper on top of the larval food 
medium. About 1000 eggs were added to 500 ml. of medium. The 
composition of each 100 ml. of the medium was as follows:
Powdered dried carrot (powdered to 100 B.S.M) - 13.5 g
Torula dried yeast (Type S ) - 4.5 g
"Nipagin M" (Fungicide) - 0.2 g
Concentrated hydrochloric acid (to give pH 4.5) - 0.6 ml.
Water - 94.5 ml.
To prepare a batch of medium, the Hipagin was dissolved in a 
small quantity of boiling water which was then added to the rest of 
the water at room temperature. The HCL was then stirred in, followed 
by the yeast and carrot. The medium was thoroughly stirred and left 
to thicken for a few hours before being poured into plastic trays. 
Each tray held about 500ml. of medium at a depth of 2-3 cm. The trays 
were placed on a layer of sawdust in small wire framed cages covered 
with fine nylon gauze to prevent mature larvae from escaping. Fully 
developed larvae left the medium and pupated in the sawdust. Two 
weeks after eggs were laid the sawdust was sifted to remove the pupae 
which were placed in paper cups in large laboratory cages for 
eclosion.
Appendix Table 3.1:Characteristic Test responses on API 20E System of 
the Major bacteria isolated from four species of Dacus.
API Test 
code 1 2 3 4 5
Species 
6 7 8
of
9
Bacteria 
10 11 12 13 14 15 16» 17 18 19 20
0NPG + + + — — — — + + + + + — + + — + — + +/-
ADH - - - - - - - + - - - + + - - - +/“ - - -
LDC + + + - - - - - + - + + - + - - - - + -
0DC + + - - + - - + + - - - - - - - +/- - + -
CIT + + + + — + V- + + + + + + + — + + + — —
üZü
ORE — +/-■ — + + + — — — — + — — — + — — — +/”
TDA - - - + + + +
IND - - - + + + - - - V- + + - - - + - - + +
VP + + +/- - - - V- + + +/- + + - - - - - - - -
GEL + + + + - - - - - - - + +/- + - - - - - +
GLU + + + + + + - + + + + + + - + + + + + -
MAN + + + - - +/-* - + + + + + - - - - + - + -INO + + +/- - - + - + + + +
SOR + + + + + + - - - - - + - + -
RHA - - - - - +/-- - + + + + - - - - - + + -
SAC + + + + - +/-* - + + + + + - - - - + - +/-- -MEL + + + - - - - + + + + - + - - - + + + -
AMY + + + + - - - + + + + + - - - - +/“ - - -
ARA + + + - - - - + + + + + - - - - + + + -
0X1 - - - - - - + - - - - + + - + - - - - +
N02 + + + + + + +/- + + + + + - + - + + - + -
N2 /NO3
Motility + + + + + + + + + + - + + + - + + - + -
Gram
Catalase + + + + + + + + + + + + + + + + + + + +
-Key (API code numbers in parentheses)
1- S.liquefaciens (5/317/763, 5/307/763).
2- S.marsescens (5/207/761 ).
3- S .rubidaea (1/207/763)
4- Proteus vulgaris (0/676/020, 0/676/030, 0476/020)
5- P.morganii (0/174/000)
6- P .rettgeri (0/674/311, 0/274/310)
7- Achromobacter or Alcaligenes (0/220/004)
8- E .cloacae (3/305/773, 3/105/563, 3/305/723)
9- E .aerogenes (5/225/773, 5/305/773)
10- E .agglomerans (0/174/773, 0/004/103)
11- K.pnuemoniae (5/255/773, 5/245/773)
12- Aeromonas hydrophila (7/274/107)
13- Pseudomonas fluorescens (2/204/004, 2/004/004)
14- Pseudomonas maltophilia (5/202/000, 5/302/000)
15- Pseudomonas pneumotropica (1/014/004)
16- Providencia alcalifaciens (0/264/000)
17- Citrobacter freundii (3/604/752, 3/614/572)
18- Acinetobacter calcoaceticus (0/004/042, 0/204/042, 0/002/000)
19- E.CQli (7/144/573, 3/144/573)
20- Flavobacterium (0/202/004).
Appendix Table 3.2 Results of ANOVA on the percentage survival of 
D .tryoni and D.jarvisi larvae in artificial medium or banana in the 
presence and absence of bacteria. Data in Table 3.10.
(A) Artificial medium. Data transformed to arcsine. C =0.3950,NS.4, 4
Source SS df MS F P
Species of fly 159.55 1 159.55 1.07 NS
Egg treatment 2386.63 1 2386.63 16.01 ***
Interaction 60.99 1 60.99 0.41 NS
Residual 2385.24 16 149.08
Total 4992.42 19
ANOVA on pupal weights of D. tryoni and D.jarvisi which developed in
the presence or absence of bacteria. C =0.4646, 4,5 NS.
Source SS df MS F P
Species of fly 18.86 1 18.86 76.49 **■*
Egg treatment 0.12 1 0.12 0.51 NS
Interaction 0.24 1 0.24 0.96 NS
Residuai 3.94 16 0.25
Total 23.16 19
( B ) Bananas. Data 
Source
transformed
SS
to arcsine, 
df
°4.4=
MS
,NS
F P
Species of fly 7.21 1 7.29 0.08 NS
Egg trea tmen t 604.49 1 604.49 6.76 **
Interaction 3.69 1 3.69 0.04 NS
Residual 1430.99 16 89.44
Total 2046.38 19
Appendix Table 3.3 Results of ANOVA on number of eggs laid into 
bananas by D.tryoni and D.jarvisi females after feeding with two
diets. Data in Figure 1(a).
Data untransformed. C = 0.3765, NS4, 4
Source SS df MS F p
Species of fly 2442.05 1 2442.05 4.03 *
Diet 238.05 1 238.05 0.39 NS
Interact ion 4.05 1 4.05 0.01 NS
Residual 9694.40 16 605.90
Total 12378.55 19
Results of ANOVA on larval survival of D.tryoni larvae laid into
bananas by females fed control and streptomycin diets.
Source SS df MS F P
Diets 902.50 1 902.50 18.05
Residual 400.00 8 50.00
Total 1302.50 9
Appendix Table 3.4. Results of Three Factor ANOVA on larval survival
of D.tryonl and D.jarvisi in presence or absence of bacteria in two
media. Data in Table 3.12. All factors are fixed. Data is
untransformed number of larvae/replicate. C =0.3759, NS.8,4
Source SS df MS F P
A Diets 1210.00 1 1210.00 103.95
B Egg Treatment 78.40 1 78.40 6.74 *
C Species 57.60 1 57.60 4.95 *
A X B 6.40 1 6.40 0.55 NS
A X C 10.00 1 10.00 0.86 NS
B X C 3.60 1 3.60 0.31 NS
A X B X C 19.60 1 19.60 1.68 NS
Residual 372.40 32 11.64
Total 1758.00 39
No interactions significant. Therefore, SNK tests conducted on
means for each level of each factor pooled over the other two
factors. Means followed by the same letter are not significantly
different at P=0.05.
1. Diets Casein Yeast Hydrolysate
4.5 a 15.5 b
2. Egg treatment Sterilised Control
8.6 a 11.4 b
3. Species of fly D .tryoni D.jarvisi
11.2 a 8.8 b
Two factor ANOVA on pupal weights of D.tryoni and D.jarvisi after
development in casein and yeast hydrolysate media. Data transformed
tojx+l1
a) D.tryoni
Source SS df MS F P
Diets 14.67 1 14.67 17.70 *★*
Egg treatment 0.65 1 0.65 0.78 NS
Interaction 0.001 1 0.001 0.00 NS
Residual 13.25 16 0.83
Total 28.57 19
b) D.jarvisi
Diets 23.86 1 23.86 289.29
Egg treatment 3.65 1 3.65 44.29 *•**
Interaction 2.45 1 2.45 29.72 *■**
Residual 1.32 16 0.08
Total 31.29 19
Appendix Table 3.5. Results of Three factor ANOVA on Larval Survival 
of D .tryoni and D.jarvisi larvae in the presence or absence of 
bacteria in two media. Data in Table 3.13
Data are number of larvae/replicate. C = 0.3272, MS.8,4
Source SS df MS F P
A Species of fly 99.23 1 99.23 18.11
B Diets 21.03 1 21.03 3.84 NS
C Egg Treatment 105.63 1 105.63 19.28
A x B 0.63 1 0.63 0.11 NS
A x C 13.23 1 13.23 2.41 NS
B x C 11.03 1 11.03 2.02 NS
A x B x C 21.03 1 21.03 3.83 NS
Residual 175.20 32 5.48
Total 446.98 39
SNK tests
1. Species of fly (Pactor A) pooled over Factors B and C.
D.tryoni D.jarvisi
22.6 a 19.4 b
2. Egg treatment (Factor B) pooled over Factors A and B.
Sterilised Control
19.4 a 22.7 b
Appendix Table 3.6. Table of means and analysis of the percentage 
Survival of D .fcryoni and D.jarvisi larvae in media containing 
S,liquefacierts and E.cloacae.(means & SE's are shown).
DIET SPECIES OF FLY
D . tryoni D.jarvisi
Cont.* Ster.** Cont. Ster.
Control 74.0 46.3 50.0 43.0
(4.85) (9.67) (5.70) (8.31)
+ Serratia 0.0 0.0 0.0 0.0
( - ) ( - ) ( - ) ( - )
+ Enterobacter 73.0 21.0 57.0 72.0
(3.00) (7.97) (4.64) (4.90)
* Control eggs ** Sterilised eggs.
Three factor ANOVA. Data transformed to arcsines. C
12,
-0.2680, NS. 4
Source SS df MS F p
A Diets 30028.93 2 15014.47
B Species of fly 16.30 1 16.30
C Egg Treatment 880.59 1 880.59
A x B 993.48 2 496.74
A x C 441.15 2 220.57
B x C 1277.29 1 1277.29
A x B x C 1183.29 2 591.65 9.77 **
Residual 2908.03 48 60.58
Total 37729.06 59
Because of significant A x B x C interaction, main effects and
second order interactions not tested. SNK conducted on individual
cell means. Means in any row or column followed by the same letter
are not significantly different at p=O.05.
DIETS D .tryoni D.jarvisi
Control Sterile Control Sterile
Control 59.82 a 42.16 b 45.00 b 40.26 b
+ Serratia 0.00 c 0 . 0 0  C 0.00 c 0.00 c
4- Enterobacter 58.84 a 25.83 d 49.10 ba 58.84 a
Appendix Table 3.7. Table of means and analysis of the larval weight 
of D.jarvisi and D .tryoni after 10 days growth on media containing
S.liquefaciens or E.cloacae.
Species of Fly
D .tryoni D.jarvisi
Diet Control Sterile Control Sterile
Control 16.5 a 2.9 d 16.9 a 3.3 c
(SD) (0.3) (0.3) (0.6) (0.4)
+ Serratia - - - -
+- Enterobacter 17.0 a 15.4 b 17.3 a 17.2 a
(SD) (0.5) (1.2) (0.4) (0.5)
Three Factor ANOVA on larval weights given above (see Pig.3.3)
Data transformed tojx.' C8.4= 0.3500, NS.
Source SS df MS F P
A Diets 13.72 1 13.72 2286.67
B Species of fly 0.12 1 0.12 20.00
C Egg treatment 14.94 1 14.94 2489.50
A x B 0.01 1 0.01 1.33 NS
A x C 12.38 1 12.38 2063.33
B X  C 0.04 1 0.04 6.50 *
A x B x C 0.01 1 0.01 1.67 NS
Residual 0.18 32 0.006
Total 41.40 39
SNK Tests. Means in any row followed by different letters are 
significantly different at P*O.05
1. Diets (Factor A) pooled over B in each level of C.
Control + Enterobacter
Control eggs 4.09 a 4.14 a
Sterilised eggs 1.75 a 4.04 b
2. Species of fly (Factor B) pooled over A in each level of C
D .tryoni D.jarvisi
Control eggs 4.09 a 4.14 a
Sterilised eggs 2.81 a 2.98 b
3. Egg treatments. SNK conducted on individual cell means because of 
interactions with both factors A and B. Means in row or column 
followed by the same letter not significantly different at P=0.05.
D.tryoni D.jarvisi
Diet Control Sterile Control Sterile
Sterile 4.06 a 1.69 d 4.11 a 1.81 c
t Enterobacter 4.12 a 3.92 b 4.16 a 4.15 a
Appendix Table 3.8, Table of means and analysis of the percentage 
Survival of D.jarvisi larvae in diets containing 3.liquefaciens and
E.cloacae at two pH's.
(Means 6 SE’s are shown)
DIETS pH 4.5 pH 7.0
Control Sterile Con trol Sterile
Control 39.0 37.0 69.0 64.0
(7.31) (5.15) (2.92) (2.92)
+■ Serratia 49.0 56.0 0.0 3.0
(6.40) (7.97) ( ~ ) (2.0 0)
+ Enterobacter 70.0 47.0 71.0 72.0
(6.12) (3.39) (3.32) (4.90)
* Control eggs. ** Sterilised eggs.
Three factor ANOVA . Data transformed to arcsines. C « 0.1827, MS12,4
Source SS df MS F P
A Diets 9711.96 2 4855.98 95.12 *■**
B Egg treatment 40.58 1 40.58 0.79 NS
C pH 488.93 1 488.93 9.58 * *
A x B 264.75 2 132.38 2.59 NS
A x C 10006.87 2 5003.44 98.01
B x C 132.93 1 132.93 2.60 NS
A x B x C 179.67 2 89.84 1 .76 NS
Residual 2450.48 48 51.05
Total 23276.18 59
Highly significant diet x pH interaction. Therefore means for each 
diet, pooled over egg treatments, were tested by SNK for each pH. 
Similarly means for each pH, pooled over egg treatment, were tested 
for each diet. Means in each row followed by different letters are 
significantly different at p=0.05.
Control +• Serra tia +■ Enterobacter
pH 4.5 37.74 a 44.98 b 50.24 b
pH 7.0 54.74 a 3.14 b 57.97 a
Appendix Table 3.9. Table of means and analysis of the weight (m g ) of
D.jarvisi larvae which developed ini diets containing S ..liquefaciens
or E.cloacae at two levels of pH. (Means + SE's are shown ).
pH 4. 5 PH 7.0
Diets Control Sterile Control Sterile
Control 3.4 2.7 15.5 3.1
(0.4) (0.1) (0.3) (0.6)
+ Serratia 3.2 3.0 — —
(0.3) (0.2)
+ Enterobacter 3.0 2.7 15.6 14.2
(0.1) (0.1) (0.2) (0.8)
Three Factor ANOVA Data for +Serratia treatment excluded from the
analysis. Data transformed to JIT * . C =0.3281, NS 8,4
Source SS df MS F P
A Diets 2.04 1 2.04
B Egg treatment 4.02 1 4.02
C pH 27.86 1 27.86
A X B 2.43 1 2.43
A x C 2.52 1 2.52
B x C 2.42 1 2.42
A x B X C 2.04 1 2.04 102.0
Residual 0.77 32 0.02
Total 44.09 39
Highly significant third order 
could not be examined directly, 
cell means. Means in any row or 
are not significantly different
interaction. Therefore 
SNK tests conducted on 
column followed by the 
at P=0.05.
main effects 
individual 
same letter
pH
Diet Type
Sterile
Control Sterile
+ Enterobacter 
Control Sterile
4.5 1.65 a 1.83 a 1.64 a 1.74 a
7.0 3.94 b 1.87 a 3.77 b 3.95 b
Appendix Table 4.1. Comparisons of the weekly rate of egg production 
of female D .tryoni and two groups of D.jarvisi«
Analyses were performed using one factor ANOVA on the number o f eggs 
produced each week by each group of flies. Data transformed toJxfll
week 3
Source SS df MS P P
Groups of flies 80.45 2 40.23 49.49 ***
Residual 4.88 6 0.81
Total 85.33 8
Week 4
Source SS df MS P P
Groups of flies 77.94 2 38.97 22.19 * * *
Residual 10.53 6 1.76
Total 88.47 8
Week 5
Source SS df MS P P
Groups of flies 41.42 2 20.71 102.75 *
Residual 1.21 6 0.20
Total 42.63 8
Week 6
Source SS df MS P P
Groups of flies 21.35 2 10.67 4.03 MS
Residual 15.90 6 2.65
Total 37.25 8
week 7
Source SS df MS P P
Groups of flies 2.78 2 1.39 0.47 MS
Residual 17.60 6 2.93
Total 20.38 8
Week 8
Source SS df MS P P
Groups of flies 1.78 2 0.89 0.42 MS
Residual 12.63 6 2.10
Total 14.41 8
Appendix Table 4.1. (cont)
Week 9
Source SS d£ MS F p
Groups of
Residual
Total
flies 1.42 
8.49 
9.91
2 0.79 
6 1.41 
8
0.50 MS
Results of SNK Tests from weeks which showed a significant difference
between groups of flies.
Week D.tryoni D.jarvisi (A) D.jarvisi (P)
3 12.93 a 5.99 b 7.44 b
4 14.46 a 7.59 b 9.14 b
5 12.90 a 7.72 b 9.53 c
Appendix Table 4.2. Analysis of the total fecundity of female
D.tryoni and D.jarvisi up to 10 weeks of age.
Species of fly
D.tryoni D.jarvisi (apple) D.jarvisi (Planch.)
Eggs / O 829.3 402.6 480.2
SE 108.9 88.4 55.6
One factor ANOVA. Data transformed to log . C - 0.6656, MSe 3,2
Source SS df MS F P
Variation between species 0.93 2 0.46 7.25 *
Residual 0.38 6 0.06
Total 1.31 8
SNK Test. D .tryoni D.jarvisi (A) D.jarvisi (P)
6.71 a 5.95 b 6.16 C
Appendix Table 4.3» Analysis of body weight, wing length, number of 
ovarioles and egg length of female D.tryoni and D.jarvisi in various
size classes.
For D .tryoni there were 3 size classes: <8mg., 9-llmg., 12-14mg.
For D.jarvisi there were 4 size classes: <9mg., 10-12, 13-15, >16mg.
Size classes of each species were compared with one factor ANOVA.
(A) D.tryoni.
(i ) Body weight. Data transformed toJx+T, C *0.5227, 3 # ^7 MS
Source SS df MS F P
Size classes 5.18 2 2.59 78.18
Residual 0.90 27 0.03
Total 6.08 29
(ii) Wing length . Data untransformed. C3,9=0.6072, *
Source SS df MS F P
Size classes 4.06 2 2.03 117.90 ***
Residual 0.47 27 0.02
Total 4.53 29
(iii) Ovariole number. Data transformed tojx+P. C =03 # “ .5134, MS
Source ss df MS F P
Size classes 3.83 2 1.92 21.63
Residual 2.39 27 0.09
Total 6.22 29
(iv) Egg length. Data un trans formed. C3,9 0.4516,NS
Source SS df MS F P
Size classes 0.03 2 0.02 2.25 NS
Residual 0.20 27 0.01
Total 0.23 29
Results of SNK Tests.
Variable 
Body weight 
Wing length 
Ovariole number
<9 mg. 
3.63 a 
5.80 a 
5.37 a
Size class 
10-12 mg. 
4.35 b 
6.49 b 
6.25 b
13-15 mg. 
4.61 C 
6.65 C 
5.87 b
App. Table 4.3.(cont)
(B) D .jarvisi.
(i) Body weight. Data transformed to jx+T. C =0.3061,4,9 MS
Source SS df MS P P
Size classes 5.70 3 1.90 36.77 *•**
Residual 1.86 36 0.05
Total 7.56 39
(ii ) Wing length . Data un tran s formed . c =o 4, 9 .6120 MS
Source SS df MS F P
Size classes 1.82 3 0.61 76.65
Residual 0.28 36 0.01
Total 2.10 39
(iii) Ovariole number. Data transformed tolx+11. C „=0.4, 9 3849, MS
Source SS df MS F P
Size classes 1.83 3 0.61 45.94
Residual 0.48 36 0.01
Total 2.30 39
(iv) Egg length. Data untransformed. C =0. 4, 9 4055, MS
Source SS df MS F P
Size classes 0.01 3 0.004 0.63 NS
Residual 0.25 36 0.007
Total 0.26 39
Results of SNK Tests. 
Variable <9 mg.
Size class
10-12 mg. 13-15 mg. >16 mg.
Body weight 3.69 a 4.04 b 4.49 c 4.65 d
Wing length 5.98 a 6.33 b 6.38 c 6.57 d
Ovariole number 4.55 a 4.82 b 5.13 c 4.97 c
Appendix Table 4.4. Analysis of daily rates of egg production by 
female D.jarvisi and D .tryoni in each size class.
One factor ANOVAS were conducted on the number of eggs laid /female in 
each size class on each day that eggs were collected. Below I list
only the F values from ANOVAS iand SNK Test results for those values
which were pignificant.
D. jarvisi. Data transformed to log x+1 e
-
Age (days) F value (df 3,8)
10 3.84 NS
12 1.38 NS
15 1.46 NS
17 2.64 NS
19 0.75 NS
22 0.32 NS
24 1.27 NS
D.tryoni. Data transformed to log x+1 e Results of SNK Test
Age (days) F value (df 2,6) <8 mg. 9-11 mg. 12-14 mg
9 2.21 NS
11 1.77 NS
13 41.09 2.84 a 3.71 b 3.95 c
16 7.09 * 2.51 a 3.47 b 3.58 b
18 4.73 MS
20 2.93 NS
23 5.63 * 2.46 a 3.18 b 3.16 b
25 2.88 NS
Appendix Table 4.5. Analysis of total fecundity (up to 24 days of 
age) of female D .tryoni and D.jarvisi in each size class.
(A) D.tryoni. Data transformed to log . C e 3,2=0.8649, NS
Source SS df MS F P
Size classes 1.82 2 0.91 4.84 *
Residual 1.13 6 0.19
Total 2.94 8
(B) D.jarvisi . Data transformed to log . Ce 4,2=0.6534, NS
Source SS df MS F P
Size classes 0.05 3 0.02 0.31 NS
Residual 0.45 8 0.06
Total 0.51 11
Appendix Table 5.1. Results of ANOVAS on the percentage survival of 
D.jarvisi and D .tryoni larvae when alone or together in various 
combinations of relative age and position in peaches, bananas, 
apricots and artificial medium. Each Table gives untransformed means 
and SE's. The factors; "density”, "species of fly" and "treatments" 
are all fixed. Transformed means are shown in all SNK tests.
(A) Peaches.
Treatments
Density % Survival of Alone A jJ + T CJ/T CT/J
1/gm. D. jarvisi 69.4
3.8
70.1
3.4
85.0
1.3
45.2
5.9
D .tryoni 66.9
6.3
71.6
7.4
12.7
4.7
82.3
1.5
4/gm. D. jarvisi 54.2
6.9
68.7
10.1
66.4
3.9
16.4
9.2
D .tryoni 56.0
3.9
54.0
6.6
16.0
8.6
65.8
7.5
Three factor ANOVA, data transformed to arcsines. C5 0 ^0.1896,16 NS
Source SS df MS F P
A Densities 3539.1 1 3539.1 33.75
B Treatments 11511.9 3 3837.3 36.59
C Species of fly 9.9 1 9.9 0.09 NS
A x B 1046.3 3 348.8 3.33 *
A x C 23.0 1 23.0 0.22 NS
B x C 89.2 3 29.7 0.28 NS
A x B x C 195.6 3 65.2 0.62 NS
Residual 8389.1 80 104.9
Total 24804.2 95
Results of SNK Test on the differences between treatments (pooled 
over species) at each density.
A Alone
Treatment
A Mixed C before
other sp.
C after 
other sp.
Density 1/gram 56.13 a 58.17 a 66.25 a 43.22 b
4/gram 48.04 a 52.07 a 54.99 a 20.10 b
Means in each row followed by different letters are significantly 
different at P^.OS.
Appendix Table 5.1. (cont).
(B) Bananas
Treatment
% survival A B C 0
of: Alone J+T Alone J+T Alone J/T T/J Alone J/T T/J
D. jarvisi 66.5 71.2 62.4 61.2 36.0 61.7 5.4 42.9 44.3 18.2
6.0 7.1 3.1 5.0 3.1 4.5 2.7 2.9 12.6 9.1
D.tryoni 70.2 60.4 66.7 77.6 41.4 6.7 83.5 57.5 41.5 88 .1
3.1 11.8 7.6 5.8 2.7 4.1 6.4 6.5 9.4 4.8
Two factor ANOVA. Data untransformed. C  ^=0.1842, NS4# 20
Source SS df MS F P
Species of fly 3896.3 1 3896.3 16.12
Treatments 43249.4 9 4805.5 19.88
Interaction 5133.3 9 570.4 2.36 «
Residual 19333.6 80 241.7
Total 71612.5 99
Results of SNX Test.
D.jarvisi Treatment
CT/J DT/J CJ/J DJ/J DJ/T BJ+T CJ/T BJ+J AJ+J AJ+T
5.4 a 18.2 a 36.0 a 42.9 b 44.3 b 61.2 b 61.7 b 62.4 b 66.5 b 71. 21
D.tryoni
CJ/T DJ/T CT/T DT/T AJ+T BT+T AT+T BJ+T CT/J DT/J
6.7 a 41.5 b 41.4 b 57.5 be 60.4 be 66.7 be 70.2 be 77.6 be 83.5 C 88. l i
Means for each species followed by different letters are not significan-ly 
different at P=0.05.
Appendix Tabl e 5 . 1 . ( cont ) 
( C)  Apr i cots
Treatments
% survi va l  A B C  D
of  : Alone J+T Alone J+T Alone J/T T/J Alone J/T T/J
D. j a r v i s i 59.4 53.5 
( 5 . 2 X 1 2 . 3 )
52.1
( 6 . 4 )
42.1
( 8 . 9 )
11.1
( 5 . 9 )
59.3
( 8 . 7 )
8.0
( 5 . 9 )
41.1
( 3 . 4 )
44.2 28.5 
( 2 .6  ) ( 10 .4 )
D. tryoni 76.1
( 3 . 0 )
71.8
( 6 . 8 )
64.2
( 6 . 9 )
73.9
( 7 . 3 )
46.8
( 8 . 1 )
6.2
( 2 . 0 )
94.2
( 2 . 8 )
42.6 44.2 63.1 
( 9.0 )( 11.9 )( 10.3)
Two fac to r ANOVA. Data transformed to  a rcsin es. C =0.1509, NS
5 , 20
Source SS d f MS F P
Species o f  f l y 5677.9 1 5677.9 30.37
Treatments 26767.8 9 2974.2 15.91
In teraction 2620.9 9 291.2 1.56 NS
Residual 18695.1 100 187.0
Total 53761.7 119
Results o f  SNK T e s ts . 
D. ja r v i s i
CT/J CJ/J 
9.6 a 14.8 a
DT/J 
22.9 a
DJ/J 
39.8 b
BJ+T 
40.6 b
AJ+T 
44.7 b
DJ/T 
44.8 b
BJ+J 
46.2 b
AJ+J CJ/T 
50.7 b  51.0b
D. tryon i 
CJ/T DT/T 
11.7 a 40.6 b
DJ/T 
41.7 b
CT/T 
42.8 b
DT/J 
53.8 b
BT+T 
54.1 b
AJ+T 
60.6 b
AT+T 
61.0 b
BJ+T CT/J 
62.1 b 80.1 c
Means fo r  each species fo llow ed by the same le t te r  are not s ig n if ic a n t ly  
d iffe re n t  at P=0.05.
Appendix Table 5.1. (cont) 
(D) Artificial Medium
Treatment
Density % survival of: Alone
A
Mixed Alone
C
J/T T/J
1/ gm. D.larvisi 69.0
1 . 0
77.0
1.9
73.0
6.0
70.0
6.8
68.0
3.3
D .tryoni 97.0
1.3
97.0
1.9
80.0
2.6
88.0
3.7
64.0
3.7
4/ gm. D.jarvisi 60.9
0.6
61.8
1.8
59.1
3.3
72.2
3.8
30.0
5.6
D.tryoni 86.8
3.2
81.3
3.4
58.0
2.6
64.8
5.3
70.8
2.7
Three Factor ANOVA. Data transformed to arcsines. c =o.4, 20 1322. MS
Source SS df MS F P
A Species of fly 2879.4 1 2879.4 91.02
B Treatments 2285.3 4 571.3 18.06
C Densities 2650.5 1 2650.5 83.79
A x B 2242.8 4 560.7 17.72
A x C 13.0 1 13.0 0.41 NS
B x C 1295.1 4 323.8 10.24
A x B x C 145.8 4 36.8 1.15 NS
Residual 2530.8 80 31.6
Total 14042.7 99
Results of SNX tests of differences between treatments for each 
species at each density.
D.jarvisi 1 /gram
4 /gram
D.tryoni 1 /gram
4 /gram
Treatment
CT/J CJ/T AJ+J AJ+T CJ/J
55.1 a 57.5 a 58.9 a 60.2 a 60.9 a
CT/J CJ/J AJ+J AJ+T CJ/T
32.5 a 50.3 b 51.3 b 52.2 b 58.5 b
CT/J CT/T CJ/T AT+T AJ+T
53.7 a 63.6 b 71.1 c 80.4 d 81.1 d
CT/T CJ/T CT/J AJ+T AT+T
49.6 a 53.9 a 57.3 a 65.0 b 69.1 b
Means in each row followed by different letters are significantly 
different at P=0.05.
Appendix Table 5 .2 . Results o f Two facto r ANOVAS on the su rv iv a l o f 
D .ja r v is i  and D .tryon i la rvae  when mixed at various ra t io s  in f r u it s
and a r t i f i c i a l  medium.
A l l  data were transformed to  arcsine be fo re  an a ly s is .
"Species o f f l y "  is  a fix ed  fa c to r, " ra t io  o f spec ies" is  a random 
fa c to r .
(A )  Bananas. C =0.1514, MS 71 16
Source SS d f MS F P
Species o f f l y 8077.7 1 8077.7 25.73
Ratio o f  species 2232.2 7 318.9 0.73 NS
In teraction 2198.0 7 314.0 0.72 MS
Residual 48657.6 112 434.4
T ota l 61165.5 127
(B )  Apricots. 
Source
C =0.2038, 5 /12
SS
MS
d f MS F P
Species o f f l y 3502.8 1 3502.7 11.97 * * *
Ratio o f  species 1905.6 5 381.1 1.65 NS
In teraction 1462.7 5 292.5 1.27 NS
Residual 13841.7 60 230.7
Tota l 20712.9 71
(C ) A r t i f i c i a l  Medium. 
Source
c  = o .
4 ,1 0
SS
3153,
d f
MS
MS F P
Species o f  f l y 5 6 7 .2 1 5 6 7 .2 2 . 7 4 NS
Ratio o f  species 4 8 6 .7 4 1 2 1 .7 0 .9 3 NS
Interaction 8 27 .3 4 2 0 6 .8 1 .5 8 NS
Residual 5 2 3 6 .7 40 1 3 3 .2
Total 7 1 1 7 .8 49
Appendix Table 5.3. Analyses of variance on the duration of 
development of D.jarvisi and D .tryoni larvae in bananas or artificial 
medium when alone or together in various arrangements.
(A) Bananas. Data untransformed. C ,,=0.1487, MS4,16
Source SS df MS F P
Species of fly (F) 4.19 1 4.19 47.77 ***
Treatments (F) 42.47 7 6.07 69.24 ***
Interaction 10.48 7 1.50 17.08
Residual 5.61 64 0.09
Total 62.74 79
SNK Test results and untransformed means shown in Table 5.4.
(B) Artificial Medium. Data untransformed. C4,12=0.2283, MS
Source SS df MS F P
A Species of fly 4.37 1 4.37 52.69
B Treatments 8.57 3 2.86 34.48
C Densities 0.99 1 0.99 11.94
A X B 0.42 3 0.14 1.69 MS
A x C 0.78 1 0.78 9.40
B X C 2.48 3 0.83 9.96
A x B x C 0.08 3 0.03 0.33 NS
Residual 5.31 64 0.08
Total 23.00 79
SNK Test Results and untransformed means shown in Table 5.4
4Appendix Table 5.4. Table of means and Analysis of Variance of the 
percentage survial of D.jarvisi and D .tryoni in infestations where 
they were mixed at the same time or where one species had a head 
start of 1,2,3 or 4 days over the other.
Treatment
# days before # days after
other species other species
1 2 3 4 1 2 3
D. jarvisi 53.7 68.2 • 40.2 72.3 65.1 59.7 38.0 32.0 24.2 18.1
4.0 7.8 7.3 4.3 6.6 3.6 7.6 9.1 2.9 5.0
D.tryoni 75.2 70.7 59.4 74.6 83.5 72.5 63.6 26.1 26.1 18 .1
3.3 6.3 6.6 5.6 4.5 4.6 4.6 6.6 6.4 3.7
Two factor ANO VA. Data transformed to Arcsines. C „ =0.1355, NS9,20
Source SS df MS F P
Species of fly 3845.38 1 3845.38 16.66
Treatments 35362.82 9 3929.20 17.03 *■**
Interaction 3608.53 9 400.95 1.74 NS
Residual 41536.68 180 230.76
Total 84353.41 199
% survival Controls 
of : Alone AJ+T
3NK tests on differences between treatment means for each species.
D. jarvisi CT/J CT/J CT/J CT/J CJ/T CJ/T A alone J/T CJ/T AJ+T
4 days 3 2 1 1 3 4 2
21.1 29.1 30.7 36.1 38.9 43.5 47.3 50.7 58.9 59.1
D. tryoni CJ/T CJ/T CJ/T CT/J CJ/T CT/J AJ+T A alone CT/J CT/J
4 2 3 1 1 4 2 3
Appendix Table 5.5. Table of means (& SE's) and analysis of variance 
on the survival of D.jarvisi and D .tryoni from larva to adult when 
alone or mixed together at the same time or when one species has a 
head start of 3 days at four densities.
Density Treatment
(larvae/ gm) Alone AJ+T CJ/T CT/J
Survival of D.jarvisi
0.2 62.3 61.7 61.7 72.2
7.4 9.0 10.6 15.9
0.5 42.1 55.0 64.0 30.4
7.0 8.3 7.6 5.8
1.0 53.7 68.2 62.2 23.4
4.0 7.8 7.1 5.3
2.0 49.8 55.9 44.4 15.0
4.8 6.3 7.7 3.9
Survival of D.tryoni
0.2 65.0 60.0 70.0 63.9
7.9 9.4 10.5 15.2
0.5 72.2 66.0 75.5 72.6
6.1 6.7 7.2 8.4
1.0 75.2 70.7 60.7 82.0
3.3 6.3 5.9 4.7
2.0 61.8 72.6 54.0 82.5
7.0 6.8 7.2 4.2
Three Factor ANOVA. Data transformed to arcsines. C8 »32=°*0814, MS
Source SS df MS F P
A Densities (R) 2129.17 3 709.72 1.89 NS
B Species of fly (F) 12850.72 1 12850.72 13.08 ■*
C Treatments (F) 7948.10 3 2649.37 4.31 *
A x B 2946.36 3 982.12 2.61 *
A x C 5528.16 9 614.24 1.63 NS
B x C 4339.84 3 1446.61 6.35 ■*
A x B x C 2049.16 9 227.68 0.61 NS
Residual 96321.21 256 376.25
Total 134112.72 287
Results of SNK tests are shown in Figure 5.7
Appendix Table 5.6. 
D .tryoni when alone 
species has a head
Density
Larvae/gm Alone
Analysis of the mean wing length of D.jarvisi and 
, mixed together at the same time, or when one 
start of 3 days over the other at four densities.
Treatments
D.tryoni D.jarvisi
J+T J/T T/J Alone J+T J/T T/J
0.2 6.30 6.31 6.29 6.31 6.10 6.19 6.33 6.19
(0.07) (0.06) (0.07) (0.11) (0.09) (0.15 )(0.07 ) (0.11)
0.5 6.11 6.23 6.18 6.19 6.06 6.32 6.30 6.10
(0.06) (0.07) (0.04) (0.07) (0.12) (0.07 )(0.05) (0.70)
1.0 6.24 6.15 6.25 6.17 6.29 6.33 6.34 5.80
(0.04) (0.08) (0.07) (0.07) (0.05) (0.13 )(0.06 ) (0.17)
2.0 6.01 6.15 5.89 6.16 6.29 6.28 6.40 4.99
(0.05 ) (0.09) (0.10) (0.08) (0.06) ( 0.09 )( 0.05 ) (0.14)
Two Factor ANOVA. Data untransformed.
D.tryoni C =0 -------- 9,16 .1366, MS
Source SS df MS F p
Density (R) 1.27 3 0.42 7.78 ***
Treatments (F ) 0 .10 3 0.03 0.54 MS
Interaction 0 .55 9 0.06 1.13 MS
Residual 7.83 144
Total 9.75 159
D.jarvisi C - 0.1699, MS
Source' SS df MS F p
Density (R) 1.29 3 0.43 4.27 **
Treatments (F ) 7.96 3 2.65 2.90 *
Interaction 8.23 9 0.91 9.04 ***
Residual 14.56 144
Total 32.05 159
Results of SNK tests are shown in Figure 5.8.
Appendix Table 5.7 Analysis of the percentage survival of newly 
hatched larvae in fruits containing older larvae or in fruits infected 
with decomposed tissue from infested fruits.
Treatment
Controls Older larvae Fruits infected with
% survival present decomposed tissue from
of: Alone* Alone J+T J/T T/J D.jarvisi D .tryoni
D.jarv. 62.3 48.7 54.9 51.1 10.9 59.9 81.2
(5.6) (7.5) (5.3) (7.1) (3.1) (6.2) (4.8)
D.try. 74.2 57.6 61.2 10.4 70.9 65.2 69.2
(4.8) (7.5) (11.0) (2.9) (7.9) (4.8) (5.7)
* species alone in uninfected fruit which had been cut and left for 3
days
Two Factor ANOVA Data transformed to arcsine . C „ =0.1759 9,14 , MS
Source SS df MS F P
Species of fly (F) 473.11 1 473.11 2.11 NS
Treatments (F) 26885.98 6 4481.00 20.02
Interaction 2131.50 6 355.25 1.59 NS
Residual 28200.69 126 223.82
Total 57691.28 139
5NX test on differences between treatments pooled over species.
Treatment
After Alone J-t-T Before Infected with Uninfected Infected with 
other other sp other sp. same sp.
sp.
15.8 a 48.4 b 50.7 b 52.0 b 54.1 b 56.9 b 60.9 b
Keans followed by different letters are significantly different at 
P=0.05.
Appendix Table 5.8. Analysis of the Mean Percentage Survival of 
D.jarvisi and D .tryoni in mixed infestations where one cohort has a 
head start over the other and where the age of the second cohort is
varied.
(A) Survival of P.jarvisi
Age Difference between Cohorts (days)
D.jarvi3i was first cohort D.jarvi3i was second cohort
0 2 4 0 2 4
Age of 0 60.8 75.5 73.2 60.8 18.4 19.5
second
cohort 1 58.4 79.4 76.6 61.1 65.7 49.5
3 74.6 84.1 90.4 75.2 79.4 78.8
(B ) Survival of D. tryoni
Age difference between cohorts (days)
D.tryoni was first cohort D.tryoni was second cohort
0 2 4 0 2 4
Age of 0 68.3 65.8 69.4 68.3 38.0 26.8
second
cohort 1 58.1 68.5 66.1 66.2 73.4 56.3
3 65.3 69.4 70.2 67.2 92.8 78.9
Three factor ANOVA was done on the percentage survival of each
species when mixed together 
old larvae) or when it was
Source
at the same time (0 days 
the second cohort added.C
SS df MS
age diff., 0 day
, =0.1413. MS 9, 18
F p
A Species of fly (F) 1793.46 1 1793.46 7.52 *■*
B Difference in ages (F ) 2930.31 2 1465.16 6.14 **
C Age of 2nd cohort (F ) 25826.91 2 12913.45 54.16
A x B 1087.44 2 543.72 2.28 NS
A x C 384.07 2 192.04 0.81 NS
B x C 9323.72 4 2330.85 9.78 ***
A x B x C 520.74 4 130.19 0.55 NS
Residual 38627.67 162 238.44
Total 80494.03 179
SNK Comparison of age differences between cohorts (pooled over 
species) for each age of young larvae.
Age difference between cohorts 
Age of young larvae 0 2 4
0
1
3
54.52
53.24
60.38
a
a
a
29.97 b 
59.31 a 
71.90 a
26.34 b 
46.96 a 
66.40 a
Appendix Table 6.1. Pour factor ANOVA on the number of progeny 
produced
by individual female D. jarvisi and D.tryoni in Experiment 1.
Data is the number of progeny reared from individual fruits divided by the 
number of females of each species present in the initial population.
Data transformed to log x+1. C =0.083, NSe 5,40
Source SS df MS P P
A Repeat experiments (R) 1.87 4 0.47 10.15 * c*
B Species of fly (P) 6.66 1 6.66 50.06
C Alone or together (P ) 0.48 1 0.48 4.76 NS
D Dissected vs intact fruits(P) 0.10 1 0.10 1.71 NS
A X B 0.53 4 0.13 2.89 NS
A X C 0.40 4 0.10 2.20 NS
A X D 0.22 4 0.06 1.22 NS
B X C 0.33 1 0.33 14.52 *
B X D 0.10 1 0.10 4.48 NS
C X D 0.05 1 0.01 2.88 NS
A X B X C 0.09 4 0.02 0.50 NS
A X B X D 0.09 4 0.02 0.50 NS
A X C X D 0.06 4 0.02 0.35 NS
B X C X D 0.05 1 0.05 - -
A X B X C X  D 0.57 4 0.14 3.09 *
Residual 9.14 200 0.05
Total 20.74 239
An SNK test was conducted on all forty cell means.
D.tryoni D.jarvi3i
Expt Alone Mixed Alone Mixed
No. Di S S Intact Di S 3 Intact Diss Intact Diss Intact
1 0.55 abc 0.51 abc 0.73 C 0.65 be 0.20 a 0.19 a 0.26 ab 0.20 a
2 0.23 a 0.46 a 0.51 a 0.52 a 0.21 a 0.23 a 0.34 a 0.22 a
3 0.76 de 0.49 abede 0.73 ede 0.88 e 0.36 abed 0.40 abed 0.70 bede 0.30ab
4 0.73 be 0.71 be 0.75 c 0.73 be 0.50 abc 0.33 ab 0.35 abc 0.18 a
5 0.53 abc 0.65 bed 0.92 d 0.85 cd 0.31 ab 0.30 ab 0.28 ab 0.34 ab
Appendix Table 6.2. Analyses of: per capita fecundity for D. jarvisi
and D.tryoni from Experiment 2. Data in Fig. 6.4.
Data from the experiments 2a, 2b, 2c were analysed separately because
all the intact fruits were lost from Expt. 2c. Expts. 2a. & 2b
analysed as orthogonal 3 factor ANOVAS and Expt 2c as a 2 factor
ANOVA.
Experiment 2a. Data transformed to jx+r. C *0 9,12 .2061, MS
Source SS df MS F P
A Dissected vs intact fruits (F) 0.38 1 0.38 50.15
B Type of population (F) 0.04 2 0.02 2.38 MS
C Species of fly (F) 0.36 1 0. 36 46.93 ■kit*
A x B <0.01 2 <0.01 0.13 MS
A x C 0.14 1 0.14 18.32
B x C <0.01 2 <0.01 0.13 NS
A x B x C <0.01 2 <0.01 0.25 MS
Residual 0.83 108 0.008
Total 1.76 119
Experiment 2 b. Data 
Source
transformed tojx+l1.
SS
c„ ,„-o. 
Ir12 3123,MS p<0.05.F P
A Dissected vs intact: fruits (F) 0.41 1 0.41 80.22 ***
B Type of population (F) 0.01 2 <0.01 0.92 NS
C Species of fly (F) 0.36 1 0.36 68.82
A x B <0.01 2 <0.01 0.27 MS
A x C 0.17 1 0.17 33.17
B x C 0.02 2 0.01 1.79 NS
A x B x C 0.03 2 0.01 2.70 NS
Residual 0.56 108 0.005
Total 1.56 119
Experiment 2c. Data transformed 
Source
tojx+l1.
SS s -if°
.3020, MS 
MS F P
Species of fly (F) 0.30 1 0.30 34.82
Type of population (F) 0.01 2 <0.01 0.40 MS
Interaction <0.01 2 <0.01 0.16 MS
Residual 0.46 54 0.01
Total 0.77 59
Results of SNK Tests.
EXpt 2a D .tryonl D.jarvisi
Dissected fruits 1.24 a 1.06 b
Intact fruits 1.06 a 1.02 a
Expt 2b
Dissected fruits 1.24 a 1.06 b
Intact fruits 1.05 a 1.02 a
Means in each row followed by different letters are significantly 
different at P=0.05.
Appendix Table 6>3, Analyses of the per capita fecundity of
D.jarvisi and D .tryoni from Experiment 3. Data in Figs. 6.5 & 6.6.
A) D. jarvisi. Experiment 3a. Data transformed to Jx+l1. C t, =0.2285,
Source SS df MS F P
A Dissected fruits vs intact (P) 0.01 1 0.01 MS
B Alone vs mixed population (P) <0.01 1 <0.01 MS
C Density of J. 10 vs 30 vs 50 (F) 0.07 2 0.03 MS
A x B 0.01 1 0.01 MS
A x C 0.02 2 0.01 MS
B x C 0.04 2 0.02 MS
A x B x C 0.01 2 <0.01 MS
Residual 3.03 108 0.03
Total 3.18 119
B) D.jarvisi. Expt. 3b. Data transformed toJx+1. C, ,^=0.3080, MS6 # 19
Source SS df MS F P
A Density of J. 10 vs 30 vs 50 (F) 0.12 2 0.06 1.49 NS
B Alone vs mixed population (F) 0.05 1 0.05 1.38 NS
Interaction 0.08 2 0.04 1.03 NS
Residual 4.48 114 0.04
Total 4.74 119
C) D .tryoni. Experiment 3a. Data transformed to log .
C =0.3224, MS 6
6 , 9
Source SS df MS F P
Dissected vs intact fruits (F) <0.01 1 <0.01 0.01 MS
Density of T. 10 vs 30 vs 50 (F) 1.68 2 0.84 5.82 * *
Interaction 0.34 2 0.17 1.17 MS
Residual 7.82 54 0.14
Total 9.84 59
Appendix Table 6.4. Results of Two factor ANOVAS on the per capita 
fecundity of female D.jarvisi and D .tryoni in different populations
of Experiment 4.
a) D.jarvi3i. The analysis compares the per capita fecundity of
D.jarvisi in the 10J, 60J and 10J:50T populations in each of the
four repeat expts. Data transformed to fx+T. C -=0.2624, MS"‘ 12,19
Source SS df MS F P
Repeat experiments (R) 0.08 3 0.03 1.96 MS
Type of population (F) 0.03 2 0.02 4.86 MS
Interaction 0.02 6 0.004 0.25 MS
Residual 3.25 228 0.01
Total 3.39 239
b) D.tryoni. The analysis compares the per capita fecundity of
D.tryoni in the 60T and 50T:lOJ populations in each of the four
repeat expts. Data transformed to Jx+T. C. , =0.2398, MS 8,19
Source SS df MS F P
Repeat experiments (R) 0.57 3 0.19 14.63
Type of population (F) 0.20 I 0.20 8.53 NS
Interaction 0.07 3 0.02 1.82 MS
Residual 1.98 152 0.01
Total 2.83 159
SNK Test on differences between experiments pooled over populations.
Expt 4a 4b 4c 4d
1.23 a 1 . 20 ab 1.16 b 1.07 c
Appendix Table 7 .1 . ( a )  Results o f  2 facto r ANOVA on the mean number
o f progeny per female D . ja r v i s i  o r D. tryoni when enclosed together or
alone on plum tree s . Data transformed to  log  
Data in  Table 7 .1 .
C =0.4101, 4,3 NS.
Source SS d f MS
Species o f  f l y  ( F ) 3.59 1 3.59 109.84
Together vs alone ( F ) 0.01 1 0.01 0.35 NS
Interaction 0.04 1 0.04 1.25 NS
Residual 0.26 8 0.03
Tota l 3.90 11
( b )  Results o f  2 fa c to r ANOVA on the mean number o f progeny/female fo
D . ja r v is i  and D .tryon i when enclosed together or alone on peach trees
Data untransformed. C =0.3379. NS.4, 3
Source SS d f MS F P
Species o f f l y  ( F ) 2664.12 1 2664.12 212.63 ** *
Together or alone (F ) 8.33 1 8.33 0.67 NS
Interaction 74.00 1 74.00 5.91 *
Residual 100.23 8 12.53
Tota l 2846.69 11
SNK Test on in d iv id u a l c e l l  means.
Alone Together
D .tryon i 39.4 a 32.7 a
D . ja r v is i 4.6 b 7.9 C
Means in  any row or column fo llow ed by d if fe re n t  le t t e rs  are
s ig n if ic a n t ly  d if fe re n t  at P=0.05.
( c ) Results o f 2 fac to r ANOVAS on the‘ mean number o f progeny produced
by D .tryon i and D . ja r v is i when enclosed together or alone on pear
trees . i )  Mean no.progeny/fem ale. Data 1transformed to jx + l.
C =0.702, NS4,2
Source SS d f MS F P
Species o f f l y  ( F ) 15.34 1 15.34 117.73
Alone vs together ( F ) 0.28 1 0.28 2.14 NS
In teraction 0.43 1 0.43 3.27 NS
Residual 1.04 8 0.13
Tota l 17.09 11
i i )  Mean no. progeny/ female/ f r u i t . Data transformed. to jx + l1.
C =0.64 , NS4,2
Source SS d f MS F P
Species o f f l y  (F ) 0.02 1 0.02 37.70 * * *
Alone vs together ( F ) <0.01 1 <0.01 4.75 NS
Interaction <0.01 1 <0.01 2.79 NS
Residual <0.01 8 <0.01
Tota l 0.02 11
Appendix Table 7.2. Mean wing lengths of P. tryoni and P.jarvisi 
progeny from mixed or single species infestations of peaches.
n = no. of flies measured
Pruit
no.
D .tryoni alone 
No. flies Mean wing SE 
produced length
n Pruit
no.
D
No.flies 
produced
.jarvisi alone 
Mean wing SE 
length
n
1 36 5.87 0.05 10 1 20 6.12 0.04 10
2 69 5.68 0.11 11 2 22 6.02 0.09 10
3 50 5.99 0.04 10 3 15 6.13 0.02 9
4 17 5.96 0.04 10 4 25 6.22 0.04 9
5 64 5.87 0.10 10 5 14 6.16 0.04 7
6 37 5.91 0.03 10 6 7 6.28 0.03 6
7 37 6.15 0.03 10 7 14 6.20 0.03 10
8 35 5.87 0.06 10 8 32 6.18 0.04 10
9 16 5.86 0.07 10
10 76 5.79 0.04 10
0.tryoni and D.jarvisi together
P .tryoni D.jarvisi
1 28 6.20 0.04 10 2 6.60 0.00 2
2 24 6.50 0.03 10 8 6.65 0.05 6
3 8 6.22 0.07 5 3 6.35 0.15 2
4 37 6.23 0.06 10 4 6.45 0.03 4
5 17 - - 0 12 6.61 0.03 8
6 11 5.98 0.08 6 6 6.00 0.04 6
7 44 5.79 0.07 10 3 5.65 0.05 3
8 27 6.27 0.03 10 4 6.48 0.13 4
9 46 6.24 0.07 10 2 6.70 0.00 2
10 41 6.23 0.04 10 7 6.52 0.09 6
11 36 6.35 0.03 10 1 6.60 0.00 1
12 26 6.28 0.04 9 8 6.60 0.04 8
13 33 6.17 0.04 10 2 6.05 0.15 2
14 20 6.38 0.02 10 4 6.63 0.03 4
Appendix Table 8 . 1. Tables of the means and analysis of the number of eggs 
laid into different fruits by D .tryoni reared from Peach.
Table shows mean number of eggs / replicate ( & SE). Twenty females/eage
Species of fruit
Assay
Method
Apple Pear Peach Tomato Solanum Total
eggs
Assay 1 Cage 1 15.0 5.0 58.9 45.0 0.0 368
(4.4) (2.1) (17.1) (15.7) ( - )
Cage 2 * 32.3 27.7 52.7 175.0 0.0 864
(11.2) (7.8) (2.6) (60.9) ( - )
Assay 2 Cage 1 9.7 8.7 7.7 48.3 0.7 226
(8.7) (5.7) (3.8) (10.4) (0.7)
Cage 2 44.7 0.3 29.3 55.3 0.0 390
(17.1) (0.3) (13.6) (22.7) ( - )
Three Factor ANOVA. Data transformed to Ln x+1. C =0 .2270,NS
The factor "cages" is nested in "assay methods ". Expected mean squares and
appropriate F ratios were calculated according to methods of Scheffe
(Underwood pers. comm ., Snedecor & Cochrane 1930).
Source SS df MS F P
A Assay Method (F) 9.05 1 9.05 3.87 NS
B( A ) Replicate cages (R) 4.67 2 2.34 3.71 *
C Species of fruit (F) 110.84 4 27.71 13.13 ■*
A x C 6.31 4 1.58 0.75 NS
B( A ) x C 16.89 8 2.11 3.35 **
Residual 25.37 40 0.63
Total 173.12 59
SNX Test. Differences between species of fruit in each cage (assay 
methods ).Transformed means are shown.
Assay 1 Cage 1 
Cage 2
Apple Pear 
2.08 a 1.79 
1.97 a,b 1.74
Peach
a 2.84 a 
a,b 3.53 a
Tomato 
3.74 b 
4.36 a
Solanum 
0.2 a 
0.0 b
Assay 2 Cage 1 
Cage 2
Means in each row followed by different letters are significantly 
different at P=0.05.
Appendix Table 8.2. Table of means and analysis of the Oviposition 
Preferences of D.tryoni reared from Tomato.
Table shows mean number of eggs/ replicate (& SE). Twenty females/cage
Species of Pruit
Assay
Method
Apple Pear Peach 'Tomato Solanum Total
Eggs
Assay 1 Cage 1 1.0 0.0 
(1.0) ( - )
36.7
(17.2)
51.0
(16.0)
0.0 
( - )
266
Cage 2 33.3 5.0 
(16.5) (2.9)
84.7
(9.4)
56.0
(15.0)
0.0
( - )
537
Assay 2 Cage 1 21.0 7.3 
(9.1) (3.7)
21.3
(7.3)
47.3
(20.5)
0.0
( - )
291
Cage 2 23.7 3.0 
(11.8) (2.1)
19.3
(10.9)
24.3 
(10.3)
0.0
( - )
211
Three Factor ANOVA. 
"Cages" is nested in "
C _==0.2009, MS. Design as2, 20assay methods".
for previous table.
Source SS df MS F p
A Assay Methods (F) 1510.02 1 1510.02 1.13 NS
B(A ) Replicate cages (R) 2661.37 2 1330.69 4.25 *
C Species of fruit (F) 20097.67 4 5024.42 12.27 **
A x C 4408.07 4 1102.02 2.69 NS
B( A ) x C 
Residual 
Total
3276.14 8 
12510.00 40 
44463.25 59
409.52
312.75
1.31 NS
SNX Tests. Differences between species of fruit, pooled over assay 
methods and replicate cages.
Apple Pear Peach Tomato Solanum
19.8 a,b 3.8 a 40.5 b 44.7 b 0.0 a
Means followed by different letters are significantly different at P=0.05.
Appendix Table 8.3. Table of means (&SE's) & analysis of Oviposition 
Preferences of D.jarvisi reared from Planchonia careya. (30 0/ cage).
(A) Planchonia present Species of Fruit
Assay Method Planchonia Apple Pear Nectarine Total Eggs
Assay 1 104.0
(17.3)
21.0
(8.2)
16.3
(8.5)
19.3
(3.7)
482
Assay 2 48.3
(30.4)
0.0 0.0 19.3
(12.3)
203
(B) Planchonia absent
Assay Method Apple Pear Nectarine Total Eggs
Assay 1 6.7
(4.4)
2.7
(2.7)
35.0
(9.1)
133
Assay 2 5.0
(2.5)
0.0 30.7
(22.7)
107
Two Factor ANOVAS
(A) Planchonia present. Data transformed tojx+l. C  ^ ^=0.4576, NS
Source SS df MS F p
Assay Method (F) 43.61 1 43.61 11.13 ***
Species of fruit (F) 128.74 3 42.91 10.95 ***
Interaction 9.77 3 3.26 0.83 NS
Residual 62.70 16 3.92
Total 244.82 23
SNK Tests. 1. Differences between assay methods (pooled over species
of fruit)
Assay 1 Assay 2
5.75 a 3.05 b
2. Differences between species of fruit (pooled over assay methods)
Planchonia Apple Pear Nectarine
8.24 a 2.73 b 2.44 b 4.18 b
(B) Planchonia absent. Data transformed tojxtl. C =02 1 D .6235, *
Source ss df MS F p
Assay methods (F) 1.70 1 1.70 0.57 NS
Species of fruit (F) 53.70 2 26.85 9.00 ***
Interaction 0.44 2 0.22 0.07 NS
Residual 35.82 12 2.98
Total 91.66 17
SNK Test. Differences between Species of fruit pooled over assay
methods
Apple Pear Nectarine
2.38 a 1.33 a 5.41 b
Appendix Table 8.4. Table of means and analysis of Oviposition 
Preferences of D.jarvisi reared from P .careya tested in large field 
cages. Table shows mean number of eggs / fruit (& SE). lOO flies/cg.
(A) Planchonia present Species of fruit
Planchonia Apple Pear Nectarine Total Eggs
Cage 1 83.2
(55.3)
0.0 0.0 2.0
(1.3)
426
Cage 2 82.8
(37.2)
0.0 0.0 9.2
(3.8)
460
( B) Planchonia absent Apple Pear Nectarine Total Eggs
Cage 1 2.4
(2.4)
2.8
(2.8)
21.6
(6.4)
134
Cage 2 5.0
(3.1)
0.0 23.6
(8.6)
133
Two Factor ANOVAS
(A) Planchonia present. C =0.5509, *. Several data 
transformations were tried Dut significant heterogeneity of variances 
could not be removed. From table above the preference for Planchonia 
seems clear cut.
(B) Planchonia absent. Data transformed tojx+l. C =0.3695, MS   4,6
Source SS df MS F P
Replicate cages (R) 0.01 1 0.01 0.00 NS
Species of fruit (F) 57.51 2 28.75 35.94 ■ x
Interaction 1.60 2 0.80 0.33 NS
Residual 60.00 24 2.46
Total 118.11 29
SNK Test. Differences between species of fruit pooled over cages.
Apple Pear Nectarine
1.80 a 1.29 a 4.45 b
Appendix Table 8.5 Table of means and analysis of Oviposition 
preferences of a Laboratory strain of D.jarvisi.
(Twenty females per cage).
(A) Planchonia present Species of fruit
Assay type Planchonia Apple Pear Nectarine Total
e33j
1 206.7 42.3 45.0 48.0 1026
(64.2) (24.8) (15.1) (21.0)
2 148.3 50.7 30.7 67.3 891
(7.9) (5.8) (10.9) (6.9)
(B) Planchonia absent Species iof fruit
Assay type Apple Pear Nec tarine Tortai Eggs
1 51.7 75.7 110.7 714
(12.4) (28.5) (36.2)
2 66.3 35.3 155.0 770
(5.0) (10.7) (25.9)
Two Factor ANOVAS
(A) Planchonia present. Data transformed tojx+l'. C  ^ ^=0.3346,NS
Source SS df MS F P
Assay method (F) 0.10 1 0.10 0.01 NS
Species of fruit (F) 196.38 3 65.46 9.31 ***
Interaction 14.74 3 4.91 0.70 NS
Residual 112.44 16 7.03
Total 323.66 23
SNK Test. Differences between species of fruit pooled over assay
methods.
Planchonia Apple Pear Nectarine
13.1 a 6.4 b 6.0b 7.4 b
(B) Planchonia absent. Data transformed tofxtl. C « 4 2,6 0.3291,NS
Source SS df MS F P
Assay method (F) 0.17 1 0.17 0.04 NS
Species of fruit (F) 62.89 2 31.44 7.41 ■**
Interaction 17.85 2 8.92 2.10 NS
Residual 50.93 12 4.24
Total 131.83 17
SNK Test. Differences between species of fruit pooled over assay 
methods.
Apple 
7.7 a
Pear 
7.2 a
Nectarine 
11.4 b
Appendix Table 8.£> Table of means and analysis of Oviposition preferences 
of female D.jarvisi reared from guava, March 1982.
Preferences determined using assay 2 only. Thirty females / cage.
(A) Planchonia present Species of fruit
Planchonia Apple Pear Guava Total Eggs
Cage 1 86.3 0 .0 1.0 19.7 321
(24.6) (1.0) (3.8)
Cage 2 111.7 0.0 1.7 25.7 417
(49.7) (1.7) (9.6)
(B) Planchonia absent Species of fruit
Apple Pear Guava Total Eggs
Cage 1 3.3 0.0 41.0 133
(3.3) (12.7)
Cage 2 4.0 10.0 89.7 311
(4.0) (5.3) (37.2)
Two Factor ANOVAS 
(A) Planchonia present. Data transformed tofx+T. C =0.6019,4 2,8
Source SS df MS F P
Replicate cages (R) 0.98 1 0.98 0.32 NS
Species of fruit (F) 288.09 3 96.03 331.25
Interaction 0.87 3 0.29 0.10 NS
Residual 48.60 16 3.04
Total 338.54 23
SNX Test. Differences between species of fruit, pooled over cages.
Planchonia Apple Pear Guava
9.7 a 1.0 b 1.4 b 4.8 c
(B) Planchonia absent. Data transformed tojx+l C =0.4959,g 2,6
Source SS df MS F P
Replicate cages (R) 12.15 1 12.15 3.52 *
Species of fruit (F) 135.83 2 67.92 22.88 *
Interaction 5.94 2 2.97 0.86 NS
Residual 41.41 12 3.45
Total 195.33 17
SNX Test. Differences between species of fruit, pooled over cages.
Apple Pear Guava
1.8 a 2.0 a 7.7 b
Appendix Table 8.7. Table of means and analysis of Oviposition 
preferences of female D .cacuminatus reared from Solanum roauri ti an uj» .
(A) Solanum present
Species of fruit
Assay method Solanum Apple Pear Tomato Total Eggs
1 Cage 1 55.7 0.0 0.0 0.0 167
(13.9)
Cage 2 40.0 0.0 0.0 2.7 128
(7.2) (2.7)
2 Cage 1 39.0 0.0 0.0 6.3 136
(14.2) (6.3)
Cage 2 45.0 0.0 0.0 11.3 169
(14.0)- (7.0)
Three factor ANOVA. Data untransformed. C , =0.2722, MS . The
factor "cages" is nested in "assay methods"'. I D
Source SS df MS F P
A Assay Methods (F) 2.08 1 2.08 0.04 NS
B( A ) Replicate cages (R) 108.75 2 54. 38 0.39 NS
C Species of fruit (F) 17020.17 3 5673.39 94.13 •feit-*
A x C 268.75 3 89.58 1.49 NS
B( A ) x C 361.59 6 60.27 0.14 NS
Residual 4430.67 32 138.46
Total 22192.00 47
SNK Test. Differences between species of fruit, pooled over assay 
methods and replicate cages.
Solanum Apple Pear Tomato
44.9 a 0.0 b 0.0 b 5.1 b
Appendix Table 8.8. Oviposition Preferences of female D.tryoni reared 
in tomato for two or three generations and of D .tryoni from the same 
origin reared in artificial medium.
Preferences of the original generation reared from field collected 
tomatoes are shown in App.Table 8.2 and Pigure 8.2. Generations 1 and 
2 below bred in tomato and carrot medium were derived from this 
parental generation. Oviposition preferences in each case were tested 
using bioassay 2. Table shows the mean (& SE) number of eggs deposited 
into each species of fruit offered in the bioassay.
Generation 1 : TOMATO Species of fruit
Replicate cage no. Apple Pear Banana Tomato
Total
Eggs
1 89.3
(11.8)
16.3
(2.7)
14.7
(8.4)
10.7
(5.2)
393
2 92.3
(11.3)
57.3
(17.2)
23.7
(15.9)
5.7
(2.2)
547
Generat ion 1 :CARROT MEDIUM
1 87.7
(21.7)
16.0
(7.0)
34.3
(13.7)
11.7
(9.2)
449
2 97.3
(8.7)
61.3
(11.6)
64.3
(15.8)
69.3
(17.7)
877
Generation 2 : TOMATO
1 68.7
(10.5)
18.7
(3.4)
24.3
(2.7)
31.0
(9.8)
428
2 22.0
(1.2)
10.7
(6.8)
14.7
(4.9)
16.7
(3.0)
192
Generalion 2 :CARROT MEDIUM
1 147.3
(49.9)
128.7
(49.4)
27.3
(10.0)
90.3
(3.4)
1181
2 49.3
(1.5)
50.0
(6.1)
53.0
(22.1)
42.7
(4.7)
579
Appendix Table 8.8.(cont ) .
Three Pactor ANOVAS. Data for each generation were analysed using 
three factor ANOVAS. Data was percentage of total eggs for each cage 
laid into each replicate. In most cases these were <20%. Therefore 
theJx+T transformation was used. The factor "replicate cages" is 
nested in "type of medium”.
Generation 1. Data transformed 
Source
to jx+l‘. 
SS
C =0 2,16
df
.1896,
MS
MS
F P
A Type of medium (F) 0.30 1 0.30 0.79 NS
(Tomato vs carrot)
B(A) Replicate cages (R) 0.76 2 0.38 0.58 MS
C Species of fruit (P ) 38.86 3 12.95 10.44 NS
A x C 5.60 3 1.87 1.51 NS
B( A) X  C 7.44 6 1.24 1.91 MS
Residual 20.74 32 0.65
Total 73.70 47
Generation 2. Data transformed 
Source
to  Jx+T.
SS
C2,16 
df
=0.2243,
MS
NS.
F P
A Type of medium (F) 0.002 1 0.002 0.02 NS
B( A ) Replicate cages (R) 0.18 2 0.09 0.19 NS
C Species of fruit (F) 7.77 3 2.59 3.55 NS
A x C 3.80 3 1.27 1.74 NS
B( A ) x C 4.39 6 0.73 1.55 NS
Residual 15.10 32 0.47
Total 31.23 47
Appendix Table 8.9. Table of means and analysis of Oviposition
Preferences of Female D .tryoni deprived of access to fruit.
(A) Choice Situation.
No. of days Group 2 deprived of oviposition
1 4 7
Group of flies Apple Sol. Apple Sol. Apple Sol.
1 (Controls) 41.7 1.3 95.3 1.7 71.0 2.0
(6.4) (0.9) (9.4) (0.9) (16.2) (2.0)
2 (Deprived) 56.7 0.7 527.7 2.7 385.3 7.0
(34.1) (0.7) (156.1) (2.3) (16.2) (1.5)
Three Factor ANOVA. Data transformed to In x+1, Ce 2.l2=0.2584. NS
Source SS df MS F P
A No.days deprived (R) 9.54 2 4.77 10.15 ***
B Species of fruit (F) 127.63 1 127. 63 102.93 **
C Group of flies (F) 5.25 1 5.25 2.15 NS
A x B 2.48 2 1.24 2.64 NS
A X C 4.88 2 2.44 5.19 *
B x C 0.96 1 0.96 3.20 NS
A x B x C 0.61 2 0. 30 0.64 NS
Residual 11.27 24 0.47
Total 162.62 35
SNK Tests. 1 )Because of the significant interaction between factors A 
£ C, SNK was used to compare the three assay days (pooled over species 
of fruit) in each group of flies.
Day 1 Day 4 Day 7
Control 2.20 a 2.69 a 2.43 a
Deprived 1.99 a 3.63b 4.00 b
Means in each row followed by different letters are significantly 
different at P=0.05.
2) Differences between fruits (pooled over days and groups of flies)
Apple Solanum
4.71 a 0.81 b
Appendix Table 8.9. (cont )
(B) No Choice Situation. Table shows 
Solanum.
No. days
Group of flies 1
mean no. of eggs
Group 2 deprived 
4
laid into
of oviposition 
7
1 (Controls) 4.7 4.7 9.0
(2.9) (1.8) (2.1)
2 (Deprived) 3.7 326.0 221.7
(2.3) (49.2) (65.8)
Two Factor ANOVA. Data transformed to In x C =0.-4257, NS2,6
Source SS df MS F P
Group of flies (F) 24.85 1 24.85 3.34 NS
No. days deprived (R) 24.63 2 12.32 21.11 **
Interaction 14.88 2 7.44 12.75 **
Residual 7.00 12 0.58
Total 71.37 17
SNK Test was done on the individual cell means (Transformed means
shown)
No. Days deprived
Group of flies 1 4 7
1 1.34 a 1.64 a 2.26 a
2 1.19 a 5.78 b 5.30 b
Means in any row or column followed by different letters are
significantly different at P=0.05.
Appendix Table 8 . 1 0 . Table of means and analysis of Oviposition
preferences of female D.jarvisi deprived of access bo fruit.
(A) Planchonia Present.
No. Days Group 2 deprived of oviposition 
Group of 1 4 7
flies Pla. App. Pear Tom. Pla. App. Pear Tom. Pla. App. Pear Tom.
51.7 15.0 6.0 12.7 59.7 17.0 9.7 10.3 78.7 21.0 15.7 18.0
Deprived ( 8.4 )( 7.9 )( 2.1)( 5.5 )( 10.0 )( 5.6 )( 5.2 )( 4.9 ) (8.3)<6.4)(3.8)(3.8)
71.0 19.7 14.0 12.7 36.3 15.0 9.0 12.3 47.3 5.7 10.0 7.7
Controls ( 12.1)( 3.9 )( 9.1)( 3.5 )( 13.1)( 3.5 )( 6.6 )( 0.9 )( 13.9 )( 3.2 )( 1.7 )( 6.2 )
(B ) Planchonia Absent
No. Days Group 2 derived of oviposition
Group of 
flies App.
1
Pear Tom. App.
4
Pear Tom. App.
7
Pear Tom.
Deprived 30.0 29.0 13.0 21.0 36.0 39.3 28.3 40.0 20.3
(16.8) (7.9) (6.6) (5.1) ( 8.0 )( 12.5) (14.4) (7.8) (5.6)
Controls 23.7 31.0 23.3 15.3 24.0 23.0 15.0 21.3 19.0
(3.8) (5.7) (2.9) (3.8) (6.8) (4.5) (5.7) (9.9) (2.1)
Three Factor A N O V A S .
(A) Planchonia present.
Source
Data untransformed. 
SS df
c =o.2, 24 
MS
1581, NS 
F P
A No. Days Deprived (R) 289.33 2 144.67 0.95 NS
B Species of fruit (F) 27063.89 3 9021.30 87.15 * H *
C Group of flies (F ) 373.56 1 373.56 0.44 NS
A x  B 621.11 6 103.52 0.68 NS
A x  C 1699.11 2 849.56 5.59 Hit
B x  C 367.00 3 122.33 0.66 NS
A  x  B x  C 1112.67 6 185.44 1.22 NS
Residual 7291.33 48 151.90
Total 38818.00 71
SNX Test. Differences between species of fruit pooled over days and 
groups of flies.
Planchonia Apple Pear Tomato 
15.6 b  10.7 b 12.3 b57.5 a
Appendix Table 8.10.(cont )
(B) Pianchonia absent. Data untransformed. C^ ^=0.2340, MS
Source SS df MS F P
A No. days deprived (R) 53.37 2 27.19 0.14 NS
B Species of fruit (F) 700.59 2 350.30 1.79 NS
C Group of flies (F ) 626.96 1 626.96 2.39 NS
A x B 782.52 4 195.63 0.97 NS
A x C 524.59 2 262.30 1.30 NS
B x C 131.70 2 65.85 0.66 NS
A x B x C 399.41 4 99.85 0.50 NS
Residual 7238.67 36 201.07
Total 10458.81 53
Appendix Table 8.11. Oviposition preferences of D.cucumis deprived
of access to fruit.
Table Shows the mean number of eggs (& SE) laid into each species of 
fruit. C=cucumber, A= apple, P=pear, T=tomato.
(A) Cucumber present.
No. Day3 Group 2 deprived of oviposition
Group 1 4 8 16
of flies C A P T C A P T C A P T C A P T
Control 54.7 0 0 2.7 54.3 0 0 0 63.7 0 0 0 81.0 0 0 0
(10.5) (2.7X38.4) (15.0) (33.3 )
Deprived 47.7 0 0 11.3 49.7 0 0 0 75.7 0 0 0 69.0 0 0 0
(11.7) (11.3X18.7) (17.0) (11.4)
(B ) Cucumber absent
No. days Group 2 deprived of oviposition
Group 1 4 8 16
of flies A P T A P T A P T A P T
Control 0 0 8.0 0 0 0 0 0 0 0 4.3 0
(8.0) (4.3)
Deprived 0 0 3.3 0 0.7 30.0 0 29.7 0 0 5.0 4.7
(3.3) (0.7) (7.2)i (21.7) (5.0)(3.3)
Appendix Table 8.11. (cont)
ANOVAS on number of eggs laid into each species of fruit.
(A) Cucumber present. Since few eggs were laid into apple, pear or 
tomato I analysed only the number laid into cucumber by each group on 
each day using a Two Factor ANOVA. Data transformed tojx+i1.
C =0.4161, MS2 f o
Source SS df MS F P
Mo.days deprived (R) 13.36 3 4.45 0.80 MS
Group of flies (F ) 0.01 1 0.01 0.01 NS
Interaction 1.54 3 0.51 0.09 NS
Residual 88.78 16 5.55
Total 103.68 23
(B ) Cucumber absent. Three
C =0.2790, MS 2,24
Source
factor
SS
ANOVA.
df
Data transformed to 
MS F
In x+1. 
P
A No. days deprived (R ) 1.00 3 0.33 0.46 MS
B Species of fruit (F ) 8.44 2 4.22 1.85 MS
C Groups of flies (F ) 6.48 1 6.48 4.50 NS
A x B 13.69 6 2.28 3.19 *
A x C 4.32 3 1.44 2.01 MS
B x C 3.71 2 1.86 0.80 NS
A x B x C 14.00 6 2.33 3.26 *
Residual 34.34 48 0.72
Total 85.98 71
Appendix Table 8.12. Table of means and analysis of Oviposition
preferences of female D.cacuminatus deprived of access to fruit.
(A) Solanum present. Since no eggs were laid in apple, pear or tomato
when Solanum was available , table shows only the mean number laid
into Solanum on each day.
No. days Group 2 deprived of oviposition
Group of flies 1 4 7 18
Controls 35.3 24.7 38.7 33.0
(9.6) (3.59 (1.9) (7.8)
Deprived 43.0 104.7 56.7 34.3
(11.7) (16.5) (9.6) (13.8)
(B) Solanum absent. A= apple, P=pear , T=tomato.
Group No. (days group 2 deprived of oviposition
of flies 1 4 7 18
A P T A P T A P T A P T
Control 0 0 0 0 0 0 0 0 0 0 0 0
Deprived 0 0 1.0 0 2.0 0.7 0 0 0 0 4.0 0
(0.6) (2.0 )(0.7 ) (2.1)
ANOVAS.
(A) Solanum present. Two Pactor ANOVA on number of eggs laid in
Solanum.
Data transformed tojx+l. C —0.2697,NS 2,8
Source SS df MS F P
No. days deprived (R) 12.30 3 4.10 2.44 NS
Groups of flies (F) 18.30 1 18.30 2.22 NS
Interaction 24.75 3 8.25 4.90 *
Residual 26.93 16 1.68
Total 82.28 23
SNX Test conducted on individual cell means.
Group of flies 
Control 
Deprived
No. days deprived 
1 4
5.9a 5.0a
6.5 a 10.2 b
7 18
6.3a 5.8a
7.5a 5.7a
Means in any row or column followed by different letters are 
significantly different at P=0.05.
(B ) Solanum absent. No analysis was performed on this data.
Appendix Table 8.13. Mean number of mature eggs carried by female 
Dacus in deprived and control groups.
(A) D.tryoni. Each mean based on dissections of 10 flies.
No. days group 2 deprived of oviposition
Group of flies 1 4 7 18
1 Control 28.3 14.3 17.3 27.0
(3.3) (1.9) (2.8) (4.1)
2 Deprived 23.7 84.3 71.4 35.8
(1.9) (5.7) (12.7) (8.2)
Two factor ANOVA. Data transformed to In x. C =0. 9, 8 2464, NS
Source SS df MS F P
Groups of flies (F) 13.16 1 13.16 3.00 NS
No.days deprived (R) 0.95 3 0.32 1.20 NS
Interaction 13.14 3 4.38 16.60 ***
Residual 19.00 72 0.26
Total 46.25 79
SNK Test on individual cell means.
Group of flies
No. days deprived 
1 4  7 18
Control
Deprived
3.3 a 2.6 c 2.8 a,c 3.2 a
3.1 a 4.4 b 4.1 b 3.4 a
Means in any row or column followed by different letters are 
significantly different at P-0.05.
Appendix Table 8.13. (cont )
(B) D .cacuminatus♦ Each mean based on dissection of 10 flies.
Group of flies
no. days 
1
group 2 
4
deprived of 
7
oviposition
18
1 Control 20.3 20.3 17.0 11.7
(3.1) (2.6) (3.2) (2.3)
2 Deprived 12.8 29.9 22.0 17.2
(2.8) (5.0) (1.8) (3.5)
Two Factor ANOVA. Data transformed to Jx+1*. C8,9=.2082, NS
Source * SS df MS F p
Group fo flies (F ) 1.72 1 1.72 0.43 NS
No. days deprived (R) 16.75 3 5.58 4.72 **
Interaction 12.01 3 4.00 3.39 *
Residual 85.09 72 1.18
Total 115.57 79
SNK Test. Differences between "days" in each group of flies
No. days deprived
Group of flies 1 4 7 18
Deprived 3.5 a 5.4c 4.8 b, c 4.1 a,b
Control 4.5 a 4.5 a 4.1 a 3.4 a
Means in each row followed by different letters are significantly 
different at P=0.05.
(C) D.cucumi3. Means based on dissections of 6 flies.
No. days group 2 deprived of oviposition 
Group of flies 1 4 8 16
1 Control 27.7 26.2 20.5 25.8
(4.8) (2.5) (7.8) (7.2)
2 Deprived 29.5 38.7 54.3 41.2
(4.0) (2.7) (10.8) (3.7)
Two factor ANOVA. Data transformed toj x+1*. C =0.3020, 5, 8 NS
Source SS df MS F P
Groups of flies (F) 27.50 1 27.50 6.33 NS
No. days deprived (R) 1.10 3 0.37 0.18 NS
Interaction 13.02 3 4.34 2.15 NS
Residual 80.77 40 2.02
Total 122.39 47
Appendix Table 8.14. Mean egg loads of female Dacus with different 
associations with host fruit during maturation.
Table shows the mean (& SE) number of mature eggs found by dissections 
of ten female flies at various ages. The indicates the day on
which group was deprived of fruit.
(A ) D.tryoni.
Group of flies
Age (days) Control Deprived Deprived
Continuous access after maturation continuously
6 35.2 (7.5) 38.8 (8.1) 35.2 (7.4)
9 36.8 (5.3) 44.4 (8.1) 80.1 (10.7)
12 46.8 (4.7) * 38.0 (3.0) 112.9 (10.9)
16 57.7 (7.2) 156.2 (3.8) 117.0 (11.8)
18 53.5 (5.2) 98.4 (17.6) 132.5 (11.9)
20 61.3 (6.5) 91.0 (14.3) 101.7 (10.6)
23 61.5 (2.9) 114.1 (12.5) 77.3 (8.6)
27 44.7 (3.8) 108.5 (14.5) 54.3 (6.1)
Two Factor ANOVA. Data transformed toJx+1. C =0.», 24 0941, NS
Source SS df MS F P
Group of flies (F) 234.86 2 117.43 5.74 *
Age (R) 458.98 7 65.57 17.64
Interaction 286.45 14 20.46 5.51
Residual 802.73 216 3.72
Total 1783.02 239
SNK Tests, a) Differences between ages in each group of flies.
Age
Group 6 9 12 16 18 20 23 27
1 5 . 6  a 5 . 9 a  6 . 8 a 7 . 3  a 7 . 3  a 7 . 5  a 7 . 9  a 6 . 7  a
2 5 . 7  a 6 . 2 a  6 . 2 a 1 2 .5  b 9 .6  C 9 .3  C 1 0 .6  C 1 0 .2  C
3 5 . 6  a 8 . 9  b , C  1 0 .6  c , d  1 0 .7  C , d  1 1 .5  d 1 0 .0  C, d 8 .7  b , c  7 . 3  b
Means in each row followed by different letters are significantly 
different at P=0.05.
b) Differences between groups of flies at each age. SNK revealed no 
significant differences despite the significant P ratio in the ANOVA.
Appendix Table 8.14. ( cont) 
(B ) D.jarvisi.
Age (days) Control Deprived Deprived
Continuous access after maturation continuously
3 0 0 0
6 0 2.4 (2.4) 2.6 (2.6)
8 28.0 (6.3) 24.0 (7.4) 12.5 (7.2)
10 37.5 (3.5) * 38.5 (7.2) 41.3 (6.29
12 50.4 (7.2) 42.1 (4.5) 54.3 (7.6)
15 28.8 (3.0) 59.4 (9.7) 29.1 (4.7)
19 32.4 (5.0) 21.0 (4.8) 27.7 (5.7)
22 35.2 (5.2) 34.7 (6.6) 38.8 (7.0)
26 37.6 (2.1) 58.4 (4.6) 45.1 (8.6)
Two factor ANOVA. Data 
Source
transformed
SS
to Jx+T. 
df
C =0. 9,24
MS
1019, NS 
F P
Group of flies (F) 5.31 2 2.65 0.47 NS
Age (R) 727.41 7 103.92 34.15 ***
Interaction 78.28 14 5.59 1.84 *
Residual 657.29 216 3.04
Total 1468.28 239
SNK Test. Differences between ages in each group of flies.
Age
Group
1
6
1.0 a
8
4.9 b
10
6.1
12
b 7.0 b
16
5.4 b
20
5.6 b
23
5.9 b
27
6.2 b
2 1.4 a 4.3 b 5.8 b,C 6.5 c 7.5 C 4.4 b 5.7 b,C 7.7 c
3 1.4 a 2.6 a 6.2 b 7.3 b 5.3 b 5.2 b 6.1 b 6.3 b
Means in each row followed by different letters are significantly 
different at P=0.05.
Appendix Table 8.14.(cont).
(C ) D .cacmninatus.
Control Deprived Deprived
Age (days) Continuous access after maturation continuously
5 0 0 0
8 3.3 (2.0) 2.9 (2.3) 1.5 (1.5)
11 18.9 (3.8) * 22 .4 (4.1) 12.0 (4.5)
15 24.3 (5.1) 38 .1 (4.9) 23.6 (6.5)
17 17.7 ( 3.3 ) 37 .7 (6.3) 39.7 (7.7)
19 ? 35.5 (4.9) 38 .5 (6.3) 32.6 (1.7)
22 23.4 (4.2) 38 .4 (3.2) 39.8 (4.3)
25 16.4 (2.2) 44 .2 (5.6) 42.2 (7.0)
Two factor ANOVA. Data transformed toJx+1. <C9, „ =0.1126 21 , NS
Source SS df MS F P
Group of flies (F) 41.34 2 20.67 3.68 NS
Age (R> 444.91 6 74.15 30.72 •* * *
Interaction 67.40 12 5.62 2.33 **
Residual 456.28 189 2.41
Total 1009.94 209
SNK Test. Differences between ages in each group of flies.
Group 8 11 15 17 19 22 25
1 1.7 a 4.1 b 4.7 b 4.0 b 5.9 b 4.8 b 4.1 b
2 1.6 a 4.6 b 6.1 b, c 5.9 b, c 6.0 b,c 6.2 b,c 6.6 C
3 1.3 a 3.0 b 4.4 c 6.0 c,d 5.8 C,d 6.3 d 6.4 d
Means in each row followed by different letters are significantly
different at P=0.05.
App. Table 8.14 
(D ) D .cucumis.
Age (days)
(cont)
Group
Control
Continuous access
of flies
Deprived after 
maturation
Deprived 
cont inuously
5 0 0 0
9 12.4 (6.4) 39.7 (5.0) 0
12 27.1 (6.1) * 32.2 (4.6) 9.3 (6.2)
14 33.8 ( ) 53.9 ( ) 19.9 ( )
18 28.1 ( ) 34.5 ( ) 13.2 ( )
21 20.8 ( ) 39.3 ( ) 3.8 ( )
28 26.0 (6.4) 46.7 (2.2) 12.2 (5.0)
31 37.9 (5.6) 33.5 (8.5) 24.8 (5.2)
Two Factor ANOVA.. Data transformed toJx+1. C9.2l'°•1092• NS
Source SS df ]MS F P
Group of flies (F) 437.26 2 218.63 28.77 **
Age (R) 116.44 6 19.41 4.24 * *
Interaction 91.19 12 7.60 1.66 NS
Residual 864.60 189 4.57
Total 1509.49 209
SNK Tests.
1) Differences between groups of flies pooled over ages.
Control Deprived after Deprived
maturation Continuously
4.69 a 6.07 b 2.57 C
2) Differences between ages pooled over the three groups of flies.
Age
9 12 14 18 21 28 31
3.26 a 3.98 a,b,C 5.45 c 4.64 a,b,C 3.77 a,b 4.77 b,C 5.25 b,C
Means followed by different letters are significantly different at 
P=0.05.
Appendix Table 9.1. Results of two factor ANOVAS on the Number of
Eggs laid in infested and control fruits in Experiments 1 a ,b & C
Data in Table 9.1. All Data transformed to Jx+l.
Experiment 1 a;Infested fruits with 2 day old larvae. C = 4, 5 0.443,NS
Source SS df MS F P
Species of fly 6.79 1 6.79 1.69 NS
Type of fruit 184.47 1 184.47 45.99 ***
Interaction 0.52 1 0.52 0.13 NS
Residual 80.23 20 4.01
Total 272.00 23
Experiment 1 b:Infested fruit with 1 day old larvae. C „=04,7 .409,NS
Source SS df MS F P
Species of fly 2.46 1 2.46 0.71 NS
Type of fruit 175.42 1 175.42 51.01 ***
Interaction 0.12 1 0.12 0.04 NS
Residual 96.29 28 3.44
Total 274.29 31
Experiment 1 c:Infested fruit with newly hatched larvae.
C =0.4450, NS. 4, 6
Source SS df MS F P
Species of fly 7.20 1 7.20 3.12 NS
Type of fruit 234.59 1 234.59 101.64 •title
Interaction 0.02 1 0.02 0.01 NS
Residual 55.39 24 2.31
Total 297.21 27
Results of SNK tests are shown in Table 9.1.
Appendix Table 9.2. Results of two factor ANOVAS on the number of
ovipositions in infested and control fruits in Experiments 1 a,b & c.
Data in Table 9.1. All Data transformed to 4^+1
Experiment 1 a . C _ ' 4, Source
= 0.3900, 
SS
NS
df MS F P
Species of fly 0.22 1 0.22 0.91 NS
Type of fruit 10.06 1 10.06 40.83 •tett
Interaction 0.53 1 0.53 2.14 NS
Residual 4.93 20 0.25
Total 15.75 23
Appendix Table 9.2 (cont)
Experiment 1 b, C 
y 4Source
- 0.3700,
ss
NS
df MS F P
Species of fly 1.19 1 1.19 3.60 NS
Type of fruit 8.68 1 8.68 26.18
Interaction 0.79 1 0.79 2.38 NS
Residual 9.28 28 0.33
Total 19.94 31
Experiment 1 c, C / ^Source
=0.5508,
6 ss
NS
df MS F P
Species of fly 0.02 1 0.02 0.09 NS
Type of fruit 20.17 1 20.17 82.05 H r*  *
Interaction 0.86 1 0.86 3.50 NS
Residual 5.90 24 0.25
Total 26.95 27
Appendix Table 9.3. Results of two factor ANOVAS on the number of eggs
per oviposition in infested and control fruits in Expts 1 a,b,c.
Data in Table 9.1. All data transformed tojx+l.
Experiment 1 a% C' 4, =0.3754 , NSSource SS df MS F P
Species of fly 2.73 1 2.73 20.57 * **•
Type of fruit 4.11 1 4.11 30.98
Interaction 0.49 1 0.49 3.68 NS
Residual 2.65 20 0.13
Total 9.98 23
Experiment 1 b^ 
Source
C =0.4407 
4' SS
, NS
df MS F P
Species of fly 2.98 1 2.98 17.44
Type of fruit 5.70 1 5.70 33.34 ***
Interaction 0.39 1 0.39 2.26 NS
Residual 4.10 24 0.17
Total 13.16 27
Experiment 1 c 
Source
C = 0.4914,
4-3 s s
NS
df MS F P
Species of fly 0.79 1 0.79 6.80 *
Type of fruit 2.46 1 2.46 21.08 * •# *
Interaction 0.28 1 0.28 2.37 NS
Residual 1.40 12 0.12
Total 4.93 15
Appendix Table 9.4. Results of Three Factor ANOVAS on results of
Experiments 2 a,b & c.
Data is the number of eggs deposited into each side of three types of
fruits (2 infested, 1 control) by females of D .tryoni and D.jarvisi-
All Data transformed to log x+1.e
Experiment 2 a: 
Source
Infested fruit 
C12j8-0.2°48.
ss
(apricots) 
MS
df
with 1 
MS
day old eggs. 
F P
Species of fly (A) 7 . 8 9 1 7 . 8 9 4 0 . 0 4 *■**
Type of fruit (B) 0 . 2 0 2 0 . 1 0 0 . 5 0 NS
Sides of fruit (C) 0 . 0 1 1 0 . 0 1 0 . 0 3 MS
A x B 0 . 0 1 2 0 . 0 1 0 . 0 4 MS
A x C 0 . 1 3 1 0 . 1 3 0 . 6 7 MS
B x C 0 . 5 1 2 0 . 2 5 1 . 2 9 NS
A x B x C 0 . 6 3 2 0 . 3 2 1 . 6 1 MS
Residual 1 6 . 5 5 84 0 . 2 0
Total 2 5 . 9 3 95
Experiment 2 b: Infested fruit (apricots) with 2 day old larvae.
C
Source
12,s'0 -1491'
SS
NS
df MS F P
Species of fly (A) 0.71 1 0.71 4.15 *
Type of fruit ( B ) 10.76 2 5.38 31.25
Sides of fruit ( C ) 1.31 1 1.31 7.55
A x B 0.44 2 0.22 1.28 NS
A x C 0.27 1 0.27 1.54 MS
B x C 0.38 2 0.19 1.10 MS
A x B x C 0.13 2 0.06 0.34 MS
Residual 14.46 84 0.17
Total 28.46 95
Experiment 2 c: Infested fruit (apple) with 2 day old larvae.
C =0.2076, MS 12,8
Source SS df MS F P
Species of fly (A) 0.38 1 0.38 1.49 MS
Type of fruit (B ) 10.77 2 5.39 20.93 Hr H r Hr
Sides of fruit (C) 4.56 1 4.56 17.74 Hr H r Hr
A x B 0.32 2 0.16 0.62 MS
A x C 0.01 1 0.01 0.02 NS
B x C 4.57 2 2.29 8.89 Hr H r Hr
A x B x C 0.29 2 0.14 0.56 MS
Residual 21.62 84 0.26
Total 42.52 95
Appendix table 9.4 (cont ) .
Results of SNK tests on data in preceding tables. Means followed 
by different letters are significantly different at P=0.05.
Experiment 
Species of
2 a
fly (factor A) pooled 
D.jarvisi 
0.6672 a
across factors B and C. 
P.tryoni 
1.2507 b
Experiment 2 b
Species of fly (factor A) pooled 
D.jarvisi 
0.6450 a
across B and C 
D.tryoni 
0.4724 b
Types of fruit (factor B ) pooled across A and C 
Infested by Infested by
D .tryoni D.jarvisi
0.2106 a 0.4548 b
Uninfested 
Controls 
1.0108 c
Sides of fruit (factor C) 
Side 1 
0.4420 a
pooled across A and B 
Side 2 
0.6754 b
Experiment 2 c
Combined results from separate analyses in which (i) Types of fruit 
was pooled across Pactor A and examined in each level of Factor C and 
(ii) Sides of fruit was pooled across Pactor A and examined in each 
level of Factor B.
Types of fruit
Sides of Fruit Inf. by P.tryoni Inf. by P.jarvisi Uninfested
Side 1 0.0537 a 0.4724 a 1.6380 b
Side 2 1.0936 b 1.3493 b 1.4794 b
Transformed means in any row or 
letters are significantly different
column followed 
at P - 0.05.
by different
Appendix Table 9.5. Results of Two Factor ANOVAS on the distribution 
of eggs when infested and control fruits were offered in groups or
evenly dispersed.
(A) Mean number of eggs / fruit, (data transformed to Jx+T)
C =0.3853, NS 4, 8
Source SS df MS F P
Pattern of Dispersion 2.05 1 2.05 1.01 NS
Type of Fruit 238.15 1 238.15 117.39 tt
Interaction 1.84 1 1.84 0.91 NS
Residual 56.80 28 2.03
Total 298.85 31
(B) Mean number of ovipositionsi /fruit . (data transformed tojx+l)
C =0.3181. NS4, 8
Source SS df MS F P
Pattern of Dispersion 0.23 1 0.23 0.72 NS
Type of Fruit 27.27 1 27.27 86.60 ***
Interaction 0.19 1 0.19 0.62 NS
Residual 8.82 28 0.31
Total 36.51 31
(C) Mean number of eggs /oviposition.(data not transformed)
C =0.3957, NS 4, 5
Source SS df MS F P
Pattern of dispersion 0.29 1 0.29 0.13 NS
Type of Fruit 31.75 1 31.75 14.28
Interaction 0.10 1 0.10 0.04 NS
Residual 35.58 16 2.22
Total 67.72 19
Appendix Table 9.6. Data Set for ANOVA on the Residence Times of 
Female D ♦tryoni which landed in infested and control fruits
in Expt 3.
Even Distribution Paired Distribution
Infested Control Infested Control
58 140 10 210
62 705 30 650
11 875 18 590
26 551 1752 3840
13 360 17 1920
19 2413 56 502
18 172 12 454
28 420 60 650
188 180 33 279
750 288 24 383
2 Factor ANOVA . Data transformed tojx+l, c „ 4, - 0.4004,NS
Source SS df MS F p
Pattern of dispersion 83.31 1 83.31 0.64 NS
Type of fruit 2673.43 1 2673.43 20.46 ***
Interaction 53.36 1 53.36 0.41 NS
Residual 4704.19 36
Total 7514.29 39
Appendix Table 9.7. Table of means of residence times and the number 
of eggs laid per fruit for data from Expt. 3(c)
Type of fruit 
Infested Control
Mean residence 90.3 (52.8) 797.8 (186.3)
time (secs ) (SE )
Transformed mean 3.7 6.0
(log e)
One factor ANOVA, Data transformed to log e, C = 0.6667, MS2,18
Source SS df MS F p
Type of fruit 35.11 1 35.11 19.29 ***
Residual 43.69 24 1.82
Total 78.80 25
(B) Mean number of eggs/ fruit for each class.
Type of Fruit
Infested Control
Mean number of eggs 5.25 18.63
/ fruit
SE 4.22 4.60
One factor ANOVA. C = 0.5426, NS 2,8
Source SS df MS F P
Type of fruit 715.56 1 715.56 4.58 *
Residual 2185.38 14
Total 2900.94 15
Appendix Table 9.8. Results of 2 Factor ANOVA on mean number of eggs 
deposited in fruits containing different stages of the life history. 
(Experiment 4)
Data transformed to 
Source 109 Cio.s
=0.2339,NS 
df MS F P
Pattern of Dispersion 1.50 1 1.50 1.95 NS
Type of fruit 102.19 4 25.55 33.16
Interaction 0.36 4 0.09 0.12 NS
Residual 30.82 40
Total 134.87 49
Results of SNK test. Means followed by different letters are
significantly different at P=0.05.
Stage of life history infesting fruit
2 day old 1 day old newly hatched 1 day old uninfested
Means
factor B 2.48 a 3.44 a,b 6.87 b 16..54 C 19 .20 C
pooled over
factor A
Appendix Table 9.9. Results of ANOVAS on data from Experiment 5.
Mixed model ANOVA with no replication ( Zar 1974, p.171).
I. Mean number of landings on each type of bait. C = 0.7955,
¿  t *
NS
Source SS df MS F P
Types of bait 56.89 2 28.45 1.88 NS
Blocks 43.56 2 21.78 1.44 NS
Residual 60.43 4 15.11
Total 160.88 8
2. Mean number of eggs laid in each type of bait. C2,3=0.5367, NS
Source SS df MS F P
Type of bait 25904.67 2 12952.34 213.48
Blocks 354.67 2 177.34 2.92 NS
Residual 242.66 4 60.67
Total 26502.00 8
Appendix Table 10.1. Host records and levels of infestation of native and 
cultivated fruits for several species of Dacus.
Site Species of No. Mean % No . & Sp. No. Density
fruit fruits wt . * inf. of flies wasps flies/g.
November 1980 Cairns Area.
Malanda Endiandra sp. 10 7.0 100.0 135 D.endiandrae 4 5.7
Palls (code 62 ) 11 D.tryoni
17 Rioxa
ft Endiandra sp. 104 9.9 100.0 795 D.endiandrae 112 2.1
(code 15 ) 1 Rioxa
?» Endiandra 37 4.1 95.0 238 D .endiandrae 40 4.5
muelleri 1 Rioxa
*# Endiandra 
cowleyanna
18 4.0 90.0 43 D.endiandrae 2 1.7
«• Litsea 111 1.1 100.0 163 D.endiandrae 19 3.0
leefeana 51 D.mesoniger
w Castanospora
alphanidii
19 10.1 100.0 47 D.Jcraussi 92 0.9
*• Aqlaia
ferrugiana
20 1.4 100.0 45 D.aqlaia 19 2.5
Vf Euqenia sp. 89 2.0 30.0 21 D.kraussi 24 1.4
af f. smithii 40 D. tryoni
1 D .neohumeralis
Crater Endiandra sp 
(code 15 )
17 9.9 - 155 D.endiandrae 3 -
ft Halfordia
scleroxylla
96 1.5 40.0 41 D.kraussi 4 -
Mount Halfordia 32 1.5 — 9 D.kraussi 0 —
Baldy scleroxylla
ft Euqenia sp 
aff.smithii
128 2.0 - 48 D.kraussi 34 -
" Paqraea
gracilipes
43 0.4 - 8 D.faqraea 0 -
ft Chionanthus 25 - - 9 Euphranta sp. 0 -
axillaris (feed in seed )
Appendix Table 10.1. (cont )
Kuranda Garcinia 40 5-7 100.0 106 D.visendus 8 0.9
warrenii
Fresh- Carallia many - — 14 D.tryoni 0 -
water brachiata 30 D .neohumeralis
Botanic Carallia many - - 1 D .tryoni 1 -
Gardens brachiata 2 D .neohumeralis
2 Dacus sp.nov. (nr.aeroginosus)
i? Cryptocarya many - - 13 D.niqer 0 -
sp. 4 Euphranta sp.
V# Beilschmedia 9 10.0 100.0 314 D.endiandrae 127 22.8
Beilschmedia 20 10.0 100.0 840 D.endiandrae 163 25.0
(held individually)
«• Garcinia 10 50.0 50.0 10 D .expandens 1 -
zanthochynus 2 D.visendus
Ellis Semecarpus 10 10.0 34 D .murrayi 0 -
Beach australiensis
Ravens- Solanum 46 1.5 70.0 52 D .cacuminatus 0 1.0
hoe maurit ianum
Mossman Castanospermum 48 100.0 39 Rioxa confusa 67 -
australei flowers
Kamer- Bananas 17 100.0 245 D .musae 0 -
unga 21 D .breviaculeus
November 1980 Rockhampton area.
ByfieId Zucchini 
(Cucumis ?)
17 - 20.0 83 D .cucumis 0 -
ft Bryonopsis
laciniosa
40 2.0 100.0 138
1
D.bryoniae 
D .cucumis
0 0.7
1 D.choristus
ft Solanum 
mauritianum
33 1.5 - 66 D .cacuminatus 1 -
ft Lemons
(Citrus limoni
8 — — 34 Rioxa pornia ? 
( all from 1 fruit )
0
Appendix Table 10.1.(cont )
March 1981 Cairns Area.
Babinda Garcinia 10 10.0 100.0 196 D.visendus 30 2.8
warrenii
Äther- Eugenia 5 - - 25 D.jarvisi 4 -
ton suborbicularis
Gordon Solanum many 0.5 - 52 D . neohumeralis 0 -
-vale seaforthianum
January 1982 Cairns Area.
Äther- Castanospora 5 10.1 - 122 D.kraussi 92
ton alphanidii
Mossman Garcinia 17 20.0 - 95 D.visendus 20
warrenii
March 1982 Cairns Area.
Ather- Solanum many 1.5 - many D . cacuminatus 0
ton mauritianum
" Nauclea 42 28.0 - 58 P.pallidus 0
orientalis
Bot. Nauclea 47 - - 109 P.pallidu3 0
Gardens orientalis
November 1980 NSW
Oorrigo Planchonella 15 - - 437 P.halfordiae 41
australis 360 Rioxa pornia
Appendix Table 10.2 2x2 contingency tables of the distribution of pairs of
species among fruits within sites.
T= D.tryoni, N= D.neohuroeralis, J= D.jarvisi.
Pr.- species present, Abs.- species absenlT 
P= exact probability of the observed distribution.
1981
Site no.2 (Brinsmead 1)
D.tryoni D.jarvisi D.jarvisi
Pr. Abs Pr Abs pr. Abs.
Site no.3 (Brinsmead 3)
D.jarvisi 
Pr. Abs.
Pr. 4 9 13
Abs. 0 6 6
4 15 19 P-0.184, NS
Site no.4 (Brinsmead 5)
D.neo
D.tryoni D.jarvisi D.jarvisi
Pr. Abs. Pr. Abs. Pr. Abs.
Site no.7 (Gordonvale sth.1)
D.neo
D.tryoni D.jarvisi
Pr. A b s . Pr. Abs
Pr. 6 3 9 4 5
Abs. 1 0 1 0 1
7 3 10 4 6
ii o .7 00 , NS P-0 .600
D.jarvisi
Pr. Abs
9 Pr. 3 4 7
D .tryoni
1 Abs. 1 2 3
10 4 6 10
NS P-0 .667, NS
Site no. 8 (Kerns)
D.tryoni D.jarvisi D.jarvisi
Pr. Abs. Pr. Abs. Pr. Abs.
Pr. 2 3 5 4 1 5 Pr. 3 1 4
D.neo. D .tryoni
Abs. 2 3 5 1 4 5 Abs. 2 4 6
4 6 10 5 5 10 5 5 10
P=0.738, NS P=0.103, NS P~0.262 , NS
Site no. 14 (Nth. Mossman)
D.tryoni D.jarvisi D.jarvisi
Pr. Abs. Pr. Abs. Pr. Abs.
Pr. 3 3 6 5 1 6 Pr. 3 0 3
D.neo. D .tryoni
Abs. 0 8 8 4 4 8 Abs. 6 5 11
3 11 14 9 5 14 9 5 14
P=0.055, NS P=0.238, NS p=-o.231, NS
Site no. 15 (Port Douglas)
D.tryoni D.jarvisi D.jaxvisi
Pr. Abs. Pr. Abs. Pr. Abs.
Pr. 14 3 17 11 6 17 Pr. 10 8 18
D.neo D .tryoni
Abs. 4 0 4 2 2 4 Abs. 3 0 3
18 3 21 13 8 21 13 8 21
P=0.511, NS P=0.498, NS P=0 .215, NS
Site no. 11 (Babinda 15 OR)
D.jarvisi
Pr. abs.
Pr. 4 3 7
D.neo
Abs. 1 2 3
5 5 10
P=0.500, NS
1982
Site no. 13 (Port Douglas)
D.tryoni D.jarvisi D. jarvisi
Pr. Abs. Pr. Abs Pr. Abs
Pr. 6 10 16 11 5 16 Pr. 5 1 6
D.neo D.tryoni
Abs. 0 4 4 4 0 4 Abs. 10 4 14
6 14 20 15 5 20 15 5 20
P=0.207, NS P=0.035 * P^0 .517 NS
Site no. 11 ( Innisfail garden 1) Site no. 7 (Johnstone River 1)
D.neo
Site no.
D .neo.
Site no.
D.neo.
Site no.
D.neo.
P.tryoni 
Pr. Abs.
P.tryoni 
Pr. Abs.
D.neo
9 (Johnstone River 2) Site no. 18 (Kairi)
P.tryoni 
Pr. Abs.
D.neo
P.tryoni 
Pr. Abs.
3 (Brinsmead)
P.tryoni 
Pr. Abs.
D. jarvisi 
Pr. Abs.
D.jarvisi 
Pr. Abs.
> (Gordonvale Sth.1 )
P.tryoni 
Pr. Abs.
D.jarvisi 
Pr. Abs.
D. jarvisi 
Pr. Abs.
